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Executive Summary

Introduction: Insulin is a cornerstone of diabetes treatment, replacing or supplementing
endogenous pancreatic insulin. Rapid-acting insulins (ie, regular, aspart, glulisine, and lispro)
have a rapid onset and short duration of action. These agents are generally used to control meal-
related hyperglycemia or for continuous subcutaneous insulin infusion pumps (CSII or insulin
pump). Rapid-acting insulin analogs (ie, aspart, glulisine, and lispro) have a more rapid onset and
shorter duration than regular insulin, but produce similar results. American Diabetes Association
guidelines do not specify a preference between these insulins.

Efficacy: Insulins aspart and lispro have all been compared to regular insulin in a variety of
patient populations (eg. type 1 and type 2 diabetes, pregnancy, pediatrics). No trials compare
glulisine to other rapid-acting insulins in pregnant patients or pediatric patients. Head-to-head
comparisons between insulins aspart, glulisine, and lispro are not available in all patient
populations.

e How does glycemic control in type 1 diabetes compare between the different rapid-acting
insulins?

Twenty-two studies were included comparing rapid-acting insulins. Insulin aspart was at
least as effective as regular insulin in six trials. Glulisine was equally effective to lispro in
one trial and was at least as effective to regular insulin in one trial. Lispro was at least as
effective to regular insulin in 14 trials. Aspart insulin decreased A1C by 0.06% to 0.34%
from baseline in 5 trials and increased A1C 0.01% in one trial. Glulisine decreased A1C by
0.14% to 0.46% before meals and by 0.11% after meals. Lispro insulin decreased A1C by
0.1% to 6% in 10 trials and increased A1C 0.1% to 0.3% in 2 trials from baseline. Among all
trials, regular insulin increased A1C by 0.02% to 0.4% in 4 trials and decreased A1C by
0.02% to 5% in 14 trials.

e How does glycemic control in type 2 diabetes compare between the different rapid-acting
insulins?

Nine trials compared a rapid-acting insulin analog and regular insulin in patients with type 2
diabetes. One trial found a significantly greater change in A1C with insulin aspart compared
to regular insulin. Glulisine was at least as effective as regular insulin in two trials. Insulin
lispro was also at least as effective as regular insulin in six trials. Aspart insulin improved
A1C by 0.4% in one trial. Glulisine improved A1C by 0.32% to 0.46% in one trial. Lispro
improved A1C by 0.5% to 3.2% in 5 trials. In 7 trials, regular insulin improved A1C by 0.3%
to 2.7%.



How does glycemic control in gestational diabetes compare between the different rapid-
acting insulins?

No trials evaluate glulisine in gestational diabetes. Three trials compared the use of lispro or
aspart to regular insulin in patients with gestational diabetes. Insulin aspart and insulin lispro
were at least as effective as regular insulin.

How does glycemic control compare between the different rapid-acting insulins in pregnant
patients, other than those with gestational diabetes?

No trials evaluated the use of insulin glulisine in patients with pregestational diabetes. Two
trials compared the use of lispro or aspart to regular insulin in pregnant, type 1 diabetic
patients. Insulin aspart and insulin lispro were both at least as effective as regular insulin in
pregnant patients.

How does glycemic control compare between the different rapid-acting insulins when
treating pediatric patients?

There are no trials comparing insulin glulisine to other rapid-acting agents in pediatric
patients. Seven trials compared a rapid-acting insulin analog and regular insulin in pediatric
patients. Insulin aspart was equally effective to insulin lispro in one study. Insulin aspart was
at least as effective as regular insulin in a single trial of 30 patients. Insulin lispro was equally
effective to regular insulin in four trials. The range of change in A1C following lispro in
these trials ranged from 0% to +0.5%. In contrast, A1C change with regular insulin ranged
from no change to a decrease of 0.4%.

How does glycemic control compare between the different rapid-acting insulins when they
are administered via continuous subcutaneous insulin infusion (CSII or insulin pumps)?

Seven trials in patients with type 1 diabetes compared insulin aspart, insulin lispro, or insulin
glulisine to regular insulin via continuous subcutaneous infusion. Insulin glulisine was as
effective as insulin aspart in two studies. Insulin aspart was equally effective to regular
insulin in one study. Insulin lispro was equally effective to regular insulin in one study but in
5 other studies was shown to be more effective than regular insulin in terms of A1C
reductions compared to baseline.

Adverse Effects:

How does the safety of the rapid-acting insulins compare with each other?

The adverse events are similar among insulin products, except for hypoglycemia.
Hypoglycemia may be more common with regular insulin than rapid-acting insulin analogs,
as described below.



How do the rapid-acting insulins compare in terms of hypoglycemia?

Of the 29 trials that evaluated hypoglycemia in patients using multiple daily injections, 9
found significant differences in favor of the rapid-acting insulin over regular insulin. The
other 20 trials found no difference. Hypoglycemia may be more common with regular insulin
than insulins aspart, glulisine, and lispro. Two of the 7 trials comparing aspart and regular
insulin found more hypoglycemia in the regular insulin groups compared to aspart insulin
groups. No trials comparing glulisine to regular insulin or lispro found a significant
difference for hypoglycemic events between the groups. Seven of the 18 trials that evaluated
lispro and regular insulin reported significantly more hypoglycemia in the regular insulin
groups.

Of the 15 multiple daily injection trials that evaluated nocturnal hypoglycemia, 7 found
significant differences favoring the rapid-acting insulin over regular insulin. Two of five
trials that evaluated nocturnal hypoglycemia with aspart and regular insulin found more
events in the regular insulin group. Only 1 of the 4 trials comparing glulisine to regular
insulin or lispro found an increase with nocturnal hypoglycemia events with regular insulins.
Of the 6 trials evaluating nocturnal hypoglycemia in patients treated with regular or lispro, 4
found significantly more events with regular insulin.

Of 7 continuous subcutaneous infusion studies evaluating hypoglycemia, one trial reported
significantly less hypoglycemic episodes per patient month with insulin aspart (6.7 + 5.4)
than with lispro (10.5 + 8.1; p < 0.05) or regular insulin (10.5 + 8.9; p < 0.05). The remaining
5 trials comparing lispro to regular insulin found no significant difference in the incidence of
hypoglycemia.

How does the safety of the rapid-acting insulins compare with each other in special
populations?

Of the three trials that compared lispro and regular insulin in patients with gestational
diabetes, none found significant differences in maternal or neonatal adverse events.
Hypoglycemia was not assessed in these three trials.

Two trials reported hypoglycemia outcomes in pregnant, type 1 diabetic patients receiving
either lispro, aspart or regular insulin. One trial found no difference in the number of patients
who experienced hypoglycemia symptoms, but found a greater proportion of patients in the
lispro insulin group experienced blood glucose < 54 mg/dL compared to the regular insulin
group (5.5% vs. 3.9%, p < 0.05). Three other trials found no difference in maternal or
neonatal complications when comparing lispro to regular insulin.

Seven trials reported adverse event outcomes in comparative trials between lispro and regular
insulin. No difference in hypoglycemia was observed in a study comparing aspart to either
lispro or regular insulin. Hypoglycemia may be less in pediatric patients treated with lispro
compared to regular insulin; lower hypoglycemia with lispro was reported in one of five
regular insulin comparator studies.



Summary: The rapid-acting insulins are effective for type 1 and type 2 diabetes, as well as in
pediatrics, pregnant patients, and patients with gestational diabetes. Several trials compared the
rapid-acting insulin analogs with regular insulin. There were no consistent significant differences
in efficacy results (ie. A1C) between the rapid-acting insulin analogs. Reductions in A1C with
lispro, glulisine, and aspart were equal to or greater than A1C reductions seen with regular
insulin. All of the rapid-acting insulins possess a similar adverse event profile with
hypoglycemia being the most common and most serious adverse event. Rates of hypoglycemia
were occasionally lower with lispro, aspart, or glulisine compared to regular insulin; however,
this was not consistently seen across all trials.
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Introduction

Insulin is a cornerstone of diabetes treatment.' Insulins are generally categorized
according to their onset and duration of action: rapid/short-acting, long-acting, and biphasic
insulin mixtures.” > This review focuses on rapid-acting insulins. The term “rapid-acting” often
applies only to insulin analogs with a more rapid onset of action than regular human insulin (ie,
aspart, glulisine, lispro). In this monograph, regular insulin is also considered a rapid-acting
insulin. This monograph includes all FDA approved monophasic insulins commonly injected
subcutaneously to control meal-related hyperglycemia or administered via continuous
subcutaneous insulin infusion (CSII, insulin pump). The specific products addressed in this
monograph include regular human insulin (Humulin® R, Novolin® R), insulin aspart
(Novolog®), insulin glulisine (Apidra®), and insulin lispro (Humalog@).4'9 Commercially
available regular human insulins are produced using recombinant DNA technology. The
resulting product is structurally identical to endogenous human insulin.* > Aspart, glulisine, and
lispro are human insulin analogs, also produced using recombinant DNA technology. Slight
alterations in the amino acid sequences of these analogs results in a more rapid onset and shorter
duration of action compared to regular insulin, while maintaining the same hypoglycemic
potency.”” The available rapid-acting insulins are compared in Table 1.

Table 1. Comparison of the Rapid-Acting Insulins®™

Characteristic Human Regular Aspart (Novolog) | Glulisine (Apidra) Lispro (Humalog)
(Humulin, Novolin)
Time Action Profile
Onset 30 — 60 minutes 10 — 30 minutes 10 — 30 minutes 10 — 30 minutes
Peak Effect 2 — 5 hours 1 — 3 hours 1 — 3 hours 30 — 90 minutes
Duration 3 — 10 hours 3 — 5 hours 3 —4 hours 3 —4 hours
Other Characteristics
Available Forms® 10 mL vials 10 mL vials 10 mL vials 10 mL vials
Humulin 5 x 3 mL Penfill® | 5x 3 mL cartridges 5 x 3 mL cartridge
20 mL vials 500 cartridges for use | for use in OptiClick® | system”
units/mL in PenFill® delivery device
delivery device 5x3mL
Novolin KwikPen™
5 x 3 mL Penfill® 5x3mL prefilled pen
cartridges for use in FlexPen®
PenFill® insulin prefilled pen
delivery device
Compatible with Yes Yes Yes Yes
subcutaneous insulin
pump
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Characteristic Human Regular Aspart (Novolog) | Glulisine (Apidra) Lispro (Humalog)
(Humulin, Novolin)

Compatible for NPH NPH NPH NPH

mixing with other

insulins®

*All product concentrations are 100 units/mL unless stated.
°For use with multiple reusable pen and pump systems from a variety of manufacturers including Lilly.
“When used in a subcutaneous pump, insulins must not be mixed.

Pharmacology

Insulin preparations are administered to replace endogenous insulin in patients with
insufficient insulin production associated with diabetes mellitus. Insulin is a polypeptide that
regulates metabolism and storage of carbohydrates, fats, and proteins. Exogenous insulin’s
effects in diabetes are primarily measured in terms of blood glucose reduction, although
exogenous insulin possesses all of the metabolic properties of endogenous insulin. The
pharmacologic activity of insulin analogs (eg, aspart, glulisine, lispro) is identical to regular
insulin. Only the onset and duration of action are altered.* ¢

Disease Overview

Diabetes mellitus is a group of metabolic disorders characterized by hyperglycemia. Type
1 diabetes is primarily characterized as a lack of insulin production. Type 2 diabetes generally
begins as an inability to efficiently utilize endogenous insulin, with decreased insulin production
as the disease progresses. The third major form is gestational diabetes, characterized by glucose
intolerance during pregnancy.'' The exact pathophysiology of gestational diabetes is not well
defined, but it may be due to chronic, rather than acute, beta-cell defect. Pregnancy may simply
unmask or worsen pre-existing glucose intolerance, rather than inducing glucose intolerance. The
majority of women experiencing gestational diabetes will develop diabetes at some point after
pregnancy.'> Approximately 1-5% of diabetes cases do not match the standard classifications of
type 1, type 2, or gestational diabetes.""

A recent press release by the Centers for Disease Control and Prevention (CDC) reported
that approximately 24 million people in the United States (US) have diabetes."® This figure
represents approximately 8% of the US population and an increase of approximately 3 million
people over the past 2 years. The CDC estimates that 25% of patients with diabetes are not aware
that they have the disease. Additionally, 57 million people have pre-diabetes, a major risk factor
for delxieloping diabetes."® Estimated direct and indirect costs of diabetes were $174 billion in
2007.

The primary diagnosis and treatment guidelines for diabetes types 1 and 2 are published
by the American Diabetes Association (ADA, 2008)." Core guidelines for gestational diabetes
include the ADA guidelines (2008), as well as the International Workshop-Conference on
Gestational Diabetes Mellitus recommendations (2007)." '* Neither of these guidelines specify a
preference between the different rapid-acting insulins examined in this monograph.' '?




Diabetes Types 1 and 2

The majority of complications caused by diabetes are categorized as either microvascular
or macrovascular in origin. Microvascular complications include retinopathy, nephropathy, and
neuropathy. Macrovascular complications include coronary heart disease, myocardial infarction,
stroke, and peripheral vascular disease.' Intensive glycemic control is directly related to a
reduction in microvascular complications. For every 1% drop in hemoglobin A, (A1C), the risk
of microvascular complications decreases by 40%.' The effects of intensive glycemic control on
macrovascular complications is unclear at this time. Some evidence suggests reduced
macrovascular risk with near-normal glycemia, while other evidence does not support a risk
reduction, and may even suggest increased cardiovascular risk when glycemic control is very
intensive.”*"!” The key glycemic measure recognized by the ADA is A1C. The ADA recognizes
self-monitored blood glucose (eg, fasting, preprandial, or postprandial blood glucose) as
important for achieving the desired A1C. Unlike A1C, blood glucose measurements have not
been directly linked to decreases in diabetes complications. The A1C goal for adults is < 7%. A
small additional benefit may be seen with select individuals using a target A1C of < 6%.
Children, patients with a history of severe hypoglycemic events, those with limited life
expectancies, and patients with certain comorbid conditions may benefit from less stringent A1C
goals.' Target A1C levels in children and adolescents are displayed in Table 2.

Table 2. Glycemic Goals in Children and Adolescents’

Age Target A1C
0 — 6 years 7.6 —8.4%
6 — 12 years <8%

18 — 19 years <7.5%

Gestational Diabetes

Gestational diabetes increases the risk of fetal and maternal complications during
pregnancy.'® '® Increased risks to the fetus or neonate include spontaneous miscarriage,
macrosomia (excessive fetal growth), fetal malformations, cardiovascular or central nervous
system abnormalities, hypoglycemia, hypocalcemia, hyperbilirubinemia, hypomagnesemia, and
respiratory distress syndrome. The pregnant mother is at increased risk for pre-eclampsia,
preterm labor, birth trauma or cesarean section, or postpartum complications. Risk of
complications is related to pregestational blood glucose control and postprandial blood glucose
control during pregnancy. Long-term data are lacking regarding the effect of glucose control on
outcomes in gestational diabetes. Fetal death is decreased through glucose control, but the effects
of glucose control measures on morbidity are unclear. Because of the relatively short treatment
period of gestational diabetes, glycemic goals are in terms of blood glucose levels rather than
A1C." "> Table 3 lists the glycemic goals in patients with gestational diabetes.

Table 3. Glycemic Goals in Gestational Diabetes™ *2

Time of Target Blood Glucose Levels

Measurement American Diabetes 5th International Conference
Association (ADA) on Gestational Diabetes

Preprandial <105 mg/dL <96 mg/dL

1 hour postprandial <155 mg/dL < 140 mg/dL

2 hour postprandial <130 mg/dL <120 mg/dL
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Treatments

Pharmacologic agents used for the treatment of diabetes include exogenous insulin and
oral glycemic control agents. Insulin is the cornerstone of therapy for patients with type 1
diabetes. Patients with type 2 diabetes are generally managed with lifestyle modifications and
oral agents as long as possible, but will usually require insulin therapy.'’ Patients with
gestational diabetes are treated with lifestyle modifications, advancing to insulin therapy if
necessary to achieve blood glucose goals or if there is evidence of macrosomia. Oral diabetes
medications are not generally recommended in gestational diabetes due to a lack of evidence in
this clinical setting.'” Patients with diabetes who become pregnant are treated with insulin
because of insufficient evidence for oral antidiabetic agents in early pregnancy.'’

The therapeutic goal of insulin therapy is to mimic normal pancreatic insulin release as
closely as possible.! In non-diabetic patients, the pancreas secretes a constant basal level of
insulin into the blood. Insulin boluses are also released from the pancreas in response to
postprandial blood glucose elevations. A combination of long- and rapid-acting insulin products
is commonly used in insulin dependent diabetic patients to mimic normal pancreatic function.'’
For optimal blood glucose control, peak levels of exogenously administered rapid-acting insulin
should coincide with peak postprandial blood glucose levels. When regular human insulin is
administered immediately before a meal, peak serum insulin concentrations do not occur until
after the postprandial blood glucose peak, resulting in elevated postprandial blood glucose levels.
Administering regular human insulin 15 to 30 minutes prior to meals allows the insulin
concentration peak to coincide with the postprandial blood glucose peak. However, many
patients are unable to consistently administer regular human insulin in this fashion.”* Rapid-
acting insulin analogs (ie, lispro, aspart, or glulisine) provide peak serum insulin levels
coinciding with peak postprandial blood glucose when administered immediately prior to
meals.”” Potential benefits of the rapid-acting insulins over regular insulin include improved
postprandial and total blood glucose control, as well as increased patient convenience.

In addition to traditional vials and subcutaneous syringes, numerous insulin pens or
assisted-delivery devices are available (see Table 1). A recent hospital study”' compared patient
satisfaction between insulin administered via Novo Nordisk insulin pens and traditional insulin
vials and syringes. Significantly more patients using insulin pens reported that they would like to
continue the delivery method at home (74% vs. 45%, p < 0.05) and that they would recommend
the delivery method to other people (94% vs. 73%, p < 0.05). The external validity of these
finding is limited because the study was in a hospital setting. Also, it does not address pens or
assisted delivery devices produced by other manufacturers. This study does support that different
delivery methods can alter patient satisfaction, and are an important consideration in selecting
treatment.

Methods

We conducted a literature search to identify articles addressing each key question,
searching the MEDLINE database (1950 — 2008), Cochrane Library (2008, Issue 2), and
reference lists of review articles. We included trials published in English and indexed on
MEDLINE prior to July 15, 2008. Whenever possible, we included only randomized, controlled
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clinical trials, Cochrane systematic reviews, or meta-analyses. If published trials were available
for a specific agent, we did not include trials that were available only as abstracts. When meta-
analyses or Cochrane systematic reviews were available addressing the question of comparative
efficacy, individual trials were not included in the evidence tables.

For this evidence-based review, our main emphasis was on published, randomized,
controlled trials evaluating the efficacy of the rapid-acting insulin products in at least 20 patients
for at least 8 weeks and reporting changes in A1C. Fasting, preprandial, and postprandial plasma
glucoses were not reported in the clinical efficacy section, because they are not predictive of
macrovascular and microvascular outcomes. Therefore, A1C is the only efficacy outcome
discussed in the text and evidence tables. Outcomes were reported as either A1C change from
baseline or the A1C at endpoint. Trials involving patients with gestational diabetes or pregnant
patients were included if pre- or postprandial plasma glucose levels were reported. Only trials
comparing individual products with each other were included for each indication. We excluded
clinical trials if it was unclear which product was used, or if combinations of agents were not
similar (eg, lispro/glargine versus regular/NPH).

The quality of scientific evidence was rated for each included study (refer to Appendix A
for Grades of Scientific Evidence). We constructed evidence tables for all included studies
(Appendix B, Evidence Tables 1 — 5), describing study design, patient selection criteria, number
of patients included, treatment interventions, endpoint descriptions, significant outcomes, and
grade of evidence (Appendix A). We used an evidence level of 1 for open-label trials or trials
where blinding was not reported, since blinding of trials was unlikely due to time restrictions
when administering rapid-acting insulins.

We identified 322 titles in our initial searches of MEDLINE and the Cochrane Library. A
total of 49 trials were included in this review. Six meta-analyses compared either rapid-acting
analogs to regular insulin or long-acting insulin analogs to NPH, however none of these meta-
analyses were included in this review.”>’ One meta-analysis comparing lispro to regular insulin
was excluded because it only included data from unpublished clinical trials.”> This meta-analysis
found no significant difference between the two agents regarding effects on A1C. A Cochrane
review comparing rapid-acting analogs to regular insulin was excluded because pooled results
for aspart and lispro were reported, rather than individual results for each agent.”” Plank et al
reported a summary of the Cochrane review in a separate publication, which was also excluded
from this review.”® A final meta-analysis comparing lispro to regular insulin was excluded
because no glycemic control (ie, A1C) results were reported.”” Two meta-analyses comparing
long-acting analogs to NPH were excluded because one failed to reported glycemic endpoints
and the other failed to report hypoglycemia as an endpoint.”* >

Clinical Efficacy

The majority of the studies performed statistical analyses on the actual A1C reported at
endpoint but did not calculate a change in A1C from baseline. The change in A1C reported in
Table 5 — 8 was calculated from the baseline and endpoint A1Cs reported in the trials, whenever
a change in A1C was not reported in the original publication. None of the trials evaluated
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morbidity as a primary outcome. Table 4 summarizes the number of studies included in this
review.

All but one trial compared one of the rapid-acting insulins to regular insulin; this trial
compared glulisine to lispro.** Details of each trial are presented in Appendix B, Evidence Table
1. Three trials included both type 1 and 2 diabetic patients; however, only 1 of the trials did not
separate the results based on diagnosis.” This trial compared lispro and regular insulin and found
no difference between groups with change in A1C at 2 months.” The trials excluded patients
with microvascular complications (ie, retinopathy, nephropathy, and neuropathy), macrovascular
complications, or patients who were pregnant, breastfeeding, or women practicing inadequate
birth control. Each multiple daily injection trial continued therapy with a long- or intermediate-
acting insulin (eg, NPH insulin). Except where indicated, insulin doses were adjusted based on
patients’ self-monitored blood glucose.

Table 4. Number of Included Trials

Agent Typel Typelor?2 Type 2 Diabetes Typel
Diabetes Diabetes Diabetes During Diabetes in
Pregnancy Pediatrics
Rapid-Acting
Aspart 7 — 1 3 1
Glulisine 4 — 2 — —
Lispro 13 3 4 4 5
Rapid-Acting — Continuous Subcutaneous Infusion
Aspart | — — — —
Glulisine 1 — — — —
Lispro 6 — — — 1

e How does glycemic control in type 1 diabetes compare between the different rapid-acting
insulins?

Twenty-two trials compared a rapid-acting insulin analog with regular insulin in patients
with type 1 diabetes.”*”” Insulin aspart was at least as effective as regular insulin in six trials.**>®
3738 Glulisine was equally effective to lispro in one trial*® and was at least as effective to regular
insulin in one trial.*® Lispro was at least as effective to regular insulin in 14 trials®-*!*#7#->1-3%
>4 only 2 of the 14 trials showed an improvement in A1C reduction vs. regular insulin.*" ¥’

Aspart insulin improved A1C by 0.08% to 0.4% from baseline. Glulisine improved A1C
by 0.26% to 0.46% before meals and by 0.11% after meals. Lispro insulin improved A1C by
0.1% to 4% in 10 trials and worsened A1C 0.1% to 0.3% in 2 trials from baseline. Among all
trials, regular insulin worsened A1C by 0.02% to 0.4% in 5 trials and improved A1C by 0.02%
to 4.9% in 14 trials. Table 5 summarizes the effect on A1C of the studies that evaluated the
rapid-acting insulins for the treatment of type 1 diabetes. The details of each study are in
Appendix B, Evidence Table 1.
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Aspart vs. regular insulin

Four of six trials found significantly better A1Cs at the end of treatment with aspart
compared to regular insulin.**>*>’ Treatment differences between groups were calculated for
three of these four trials, showing significant, additional reductions in A1C with aspart ranging
from 0.12% to 0.17%. Two of six trials found no difference in the A1C reported at endpoint.32’ 33

Glulisine vs. lispro

Dreyer et al”® compared insulin glulisine to insulin lispro in a randomized, experimental
trial of 672 patients. The change in A1C from baseline at 26 weeks was not significantly
different for patients treated with glulisine (-0.14%) compared to lispro (-0.13%).%*

Glulisine vs. regular insulin

One trial compared the change in A1C of glulisine and regular insulin in type 1 diabetics
over 12 weeks.”” The patients who received glulisine insulin before meals demonstrated
significantly greater decreases in A1C compared (-0.26%, 98.33% CI -0.02 to -0.29) to patients
who received glulisine after meals (-0.11%, 98.33% CI -0.11 to -0.16, p < 0.01 vs. glulisine pre-
meal, p = NS vs. regular) or regular insulin before meals (-0.13%, 98.33% CI -0.26 to -0.01, p <
0.01 vs. glulisine pre-meal).*

Lispro vs. regular insulin

Fourteen trials compared lispro and regular insulin in type 1 diabetic patients.
33:3% Two of these trials found significantly lower A1Cs at endpoint after 3 months (lispro: 6.34
+0.1% vs. regular: 6.71 + 0.11%, p < 0.05)*" and 12 months of therapy (lispro: 8.12 + 0.85% v.
regular: 8.27 + 0.79%, p < 0.05).*' The remaining twelve trials found no difference in the effects
of lispro and regular insulin on A1C over 2-12 months of therapy.** **#6-4%31-33-3 Three of these
trials did not report a baseline A1C; therefore a change in A1C could not be calculated and data
were not included in Table 5.** **%%53 Qverall, lispro insulin reduced A1C by 0.1% to 0.6% in
10 trials and increased A1C 0.1% to 0.3% in 2 trials from baseline.

39,41-47, 49, 51,
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Agent Duration Change in A1C (%) | Citation
from baseline
Aspart 30 months +0.01%* Home et al, 2006’
6 months -0.08%%* Home et al, 2000
6 months -0.12%%* Raskin et al, 2000
4 months -0.2%* Heller et al, 2004
15 months -0.28%%* DeVries et al, 2003
3 months -0.34%* Tamas et al, 2001°*
Glulisine post-meal | 3 months -0.11% Garg et al, 2005
Glulisine pre-meal 6 months -0.14% Dreyer et al, 2005
3 months -0.26% Garg et al, 2005
6 months -0.32% Rayman et al, 2006
6 months -0.46% Dailey et al, 2004"
Lispro 3 months +0.3%* Holleman et al, 1997%
6 months +0.1%* Ferguson et al, 2001*
12 months -0.1%%* Garg et al, 1996
12 months -0.1%* Anderson et al, 1997
6 months -0.13% Dreyer et al, 2005
4 months -0.2% Heller et al, 1999*
2 months -0.2%* Vignati et al, 1997*
12 months -0.3%%* Lalli et al, 1999*
3 months -0.3%* Anderson et al, 1997°!
12 months -4%* Recasens et al, 2003*
3 months -0.55%* Annuzzi et al, 2001*'
3 months -0.6%* Valle et al, 2001*
Regular 12 months +0.4%* Garg et al, 1996
6 months +0.3%* Ferguson et al, 2001*
36 months +0.13%* Home et al, 2006°’
6 months +0.02%* Home et al, 2000°°
6 months -0.02%* Raskin et al, 2000°¢
3 months 0%* Holleman et al, 1997
12 months 0%* Lalli et al, 1999*
2 months -0.1%* Vignati et al, 1997*
12 months -0.1%* Anderson et al, 1997
3 months -0.11%* Tamas et al, 2001°*
3 months -0.13% Garg et al, 2005
15 months -0.18%* DeVries et al, 2003*
4 months -0.2%* Heller et al, 2004*
4 months -0.2% to -0.4% Heller et al, 1999*
3 months -0.3%* Anderson et al, 1997°!
6 months -0.3% Dailey et al, 2004°
6 months -0.35% Rayman et al, 2006
3 months -0.4%%* Annuzzi et al, 2001*'
3 months -0.5%%* Valle et al, 2001+
12 months -4.9%* Recasens et al, 2003

*Data were calculated based on baseline and endpoint results reported in the trial
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e How does glycemic control in type 2 diabetes compare between the different rapid-acting
insulins?

Nine trials compared a rapid-acting insulin analog and regular insulin in patients with
type 2 diabetes.!- 37 3% 40:48.30.52.35.56 e tria] found a significantly greater change in A1C with
insulin aspart compared to regular insulin.’® Glulisine was at least as effective as regular insulin

in two trials.*" *° Insulin lispro was also at least as effective as regular insulin in six trials.””** 4"
48,50, 52

Aspart insulin improved A1C by 0.4% in one trial. Glulisine improved A1C by 0.32% to
0.46% in two trials. Lispro improved A1C by 0.5 to 3.2% in 6 trials. In 7 trials, regular insulin
improved A1C by 0.3% to 2.7%. In one study, regular insulin increased A1C by 0.1%. Table 6
summarizes the results of the studies that evaluated the rapid-acting insulins for the treatment of
type 2 diabetes. The details of each study are in Appendix B, Evidence Table 1.

Aspart vs. regular insulin

One trial evaluated aspart and regular insulin in 25 patients for 180 days.’® Change in
A1C after 180 days was significantly greater following aspart (-0.4%) compared to regular
(+0.1%, p < 0.05).°® A study by Bretzel et al’’was excluded from this review due to differences
in NPH basal insulin used between groups.

Glulisine vs. regular insulin

Two comparative trials evaluated glulisine and regular insulin.*">® One study compared
glulisine and regular insulin for the treatment of type 2 diabetes in 876 patients for 26 weeks.”!
The glulisine group demonstrated a decrease in A1C of -0.46% and the regular insulin group
showed a decrease of -0.3%. The difference between the groups’ change in A1C was significant
(-0.16, 95% CI -0.26 to -0.05 %, p = 0.0029).”! In another study by Rayman et al,” no difference
in A1C at endpoint (26 weeks) and change in A1C from baseline was seen between glulisine and
regular.

Lispro vs. regular insulin

Six trials compared insulin lispro to regular insulin in patients with type 2 diabetes.
40.48.50.32 Bour of six trials found no difference in the change in A1C over 5.5 months* or at
A1C endpoint after 2 months,*® 6 months,” and 12 months>* of therapy. Two other trials found
significantly lower A1C after 6 months of therapy with lispro compared to therapy with regular
insulin (lispro: 6.7 + 0.5% vs. regular: 7.5 + 0.2%, p=0.001; lispro:7.3 + 0.7% vs. regular: 7.7 +
0.7%, p<0.05).%"**

37,38,



Table 6. Efficacy Summary of Rapid-Acting Insulins in Type 2 Diabetes

16

Agent Duration Change in A1C (%) | Citation
from baseline
Aspart 6 months -0.4% Pala et al, 2007°°
Glulisine 6 months -0.32% Rayman et al, 2007
6 months -0.46% Dailey et al, 2004°"
Lispro 2 months 0%* Vignati et al, 1997*
12 months -0.5%* Anderson et al, 1997
3 months -0.7%* Anderson et al, 1997
6 months -2.3% Sargin et al, 2003°*
5.5 months -2.5+0.2% Ross et al, 2001%
6 months -3.18% Altuntas et al, 2003*’
Regular 6 months +0.1% Pala et al, 2007°°
2 months 0%* Vignati et al, 1997*
6 months -0.3% Dailey et al, 2004°'
6 months -0.35% Rayman et al, 2007
12 months -0.5%* Anderson et al, 1997
3 months -0.7%* Anderson et al, 1997°°
6 months -1.5%* Sargin et al, 2003**
5.5 months -2.3+0.2% Ross et al, 2001%
6 months -2.66% Altuntas et al, 2003”7

*Data were calculated based on baseline and endpoint results reported in the trial

e How does glycemic control in gestational diabetes compare between the different rapid-
acting insulins?

There are no trials with glulisine insulin in patients with gestation diabetes. Three trials
compared the use of lispro or aspart to regular insulin in patients with gestational diabetes.®*®*
Insulin aspart and insulin lispro were at least as effective as regular insulin. The details of these
trials are presented in Appendix B, Evidence Table 2.

One study evaluated insulin aspart in gestational diabetes. Di Cianni et al*’compared
aspart, lispro, and regular insulin in patients with gestational diabetes. One hour postprandial
glucose levels were significantly higher with regular insulin compared to aspart and lispro;
however, the authors state that the study lacked adequate statistical power.*’ Birth weight was
significantly higher with regular insulin compared to aspart and lispro groups (p < 0.03). A study
by Pettitt et al®® was excluded for review as preprandial and postprandial results were not
reported.

Meccacci et al®' compared the glucose control achieved with lispro (n = 25) and regular
insulin (n = 24) in patients with gestational diabetes and the glucose readings of pregnant
patients without diabetes (n = 50). Patients were treated from the diagnosis of gestational
diabetes (or pregnancy for the control group) to delivery of the child. None of the patients
required therapy with NPH insulin. The overall 1-hour postprandial glucose was significantly
different among the lispro insulin (108.4 + 10.7 mg/dL), regular insulin (121 + 13.2 mg/dL), and
control groups (105.6 + 4.7 mg/dL) with a p-value <0.01. However, there was no difference in
the overall 2-hour postprandial glucose among the groups. The investigators found no difference
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in the neonatal outcomes (ie. gestational week at deliver, Apgar score, birth weight, ponderal
index) among the groups.’'

Jovanoic et al® compared the use of lispro (n = 19) and regular insulin (n = 22) from
diagnosis of gestational diabetes to 6 weeks after delivery of the child. All patients also received
NPH insulin therapy. The proportion of patients with postprandial glucose > 120 mg/dL was
significantly lower with lispro compared to the regular insulin group (4% + 0.49% vs. 5.5% +
0.47%, p = 0.019). However, the lispro and regular insulin groups demonstrated similar
proportions of patients with postprandial glucoses > 130 mg/dL (1.6% =+ 0.34% vs. 1.8% + 0.3%,
p =NS) and > 140 mg/dL (0.65% + 0.18% vs. 0.69% + 0.14%, p = NS). The investigators found
no difference in the neonatal outcomes (ie. length, weight, percentile rank, Apgar score) among
the groups.®

e How does glycemic control compare between the different rapid-acting insulins in pregnant
patients, other than those with gestational diabetes?

No trials evaluated the use of insulin glulisine in patients with pregestational diabetes.
Two trials compared the use of lispro or aspart to regular insulin in pregnant, type 1 diabetic
patients.** ®° Insulin aspart and insulin lispro were both at least as effective as regular insulin in
pregnant patients. The details of these trials are presented in Appendix B, Evidence Table 3.

Mathiesen et al** compared aspart to regular insulin in an experimental, parallel trial of
322 patients. Between treatment differences significantly favored aspart over regular insulin at
the end of the first and third trimesters. No significant differences in maternal outcomes were
noted between groups.**

Persson et al®® compared lispro (n = 16) and regular insulin (n = 17) therapy during
pregnancy in type 1 diabetic patients from gestation week 15 to delivery. Postprandial plasma
glucoses were similar between the groups after lunch and dinner. However, the lispro insulin
group demonstrated significantly lower postprandial glucose after breakfast (117 + 57 mg/dL)
compared to the regular insulin group (154 + 9.9 mg/dL, p < 0.01).%°

Three other trials evaluate use of lispro in pregnancy but do not report effects on glucose
control and therefore, were not included in the evidence tables.®®®® Safety is assessed in these
three trials later. No differences were observed between lispro and regular insulin with measured
neonatal outcomes (including length, weight, percentile rank, Apgar score, hypoglycemia) ®® or
with frequency of retinopathy in mothers.®” ¢

e How does glycemic control compare between the different rapid-acting insulins when
treating pediatric patients?

Seven trials compared a rapid-acting insulin analog and regular insulin in pediatric
patients.””> There are no trials comparing insulin glulisine to other rapid-acting agents in
pediatric patients. Insulin aspart was equally effective to insulin lispro in one study.’® Insulin
aspart was at least as effective as regular insulin in a single trial of 30 patients.” Insulin lispro
was equally effective to regular insulin in four trials.® ">



18

Weinzimer et al’”* compared insulin aspart to insulin lispro in children 4 to 18 years of
age with type 1 diabetes. No significant difference was observed with changes in A1C from
baseline for aspart (-0.15%) or lispro (-0.05%, 95%CI: -0.27 to 0.07); the confidence interval fell
within prespecified criteria for noninferiority.”* Cherubini et al”® evaluated insulin lispro and
regular insulin in children; however, A1C results were not compared to each other but were only
compared to baseline. The difference in A1C from baseline was only significant for aspart
treated patients (-0.5%, p = 0.018) but not for regular insulin.”

Four published trials compared multiple daily injections of insulin lispro and regular
human insulin.®*”* The A1C response in these trials is summarized in Table 7. Change in A1C at
endpoint in these trials ranged from no change to an increase of 0.5% for insulin lispro,
compared with no change to a decrease of 0.4% for regular insulin (p = not significant for all
trials). A single trial compared insulin lispro to regular human insulin administered via
continuous subcutaneous infusion.”” Both products resulted in similar and insignificant increases
in A1C compared to baseline (lispro 0.15% vs. regular 0.11%; p = not significant).”” The details
of all pediatric trials are presented in Appendix B, Evidence Table 4.

Table 7. Comparative Effects of Rapid-Acting Insulins in Pediatric Patients

Agent Duration of Change in A1C (%) from | Reference

Treatment baseline
Aspart 4 months -0.15% Weinzimer et al, 2008”*

3 months -0.5%* Cherubini et al, 20067
Lispro - premeal 4 months +0.5% Ford-Adams et al, 20037

4 months +0.3%* Holcombe et al, 2002

3 months +0.2 Tupola et al, 2001""

4 months +0.15+0.13% Tubiana-Rufi, 2004 ”

3 months 0 Deeb et al, 2001%°

4 months -0.05% Weinzimer et al, 2008”*
Lispro - postmeal 3 months +0.14* Deeb et al, 2001%°
Regular human insulin 4 months +0.11 +0.63% Tubiana-Rufi, 2004 "

4 months 0* Ford-Adams et al, 20037°

3 months 0* Deeb et al, 2001%

4 months -0.1* Holcombe et al, 20027

3 months -0.1% Cherubini et al, 20067

3 months -0.4 Tupola et al, 2001

*Data were calculated based on baseline and endpoint results reported in the trial

e How does glycemic control compare between the different rapid-acting insulins when they
are administered via continuous subcutaneous insulin infusion (CSII or insulin pumps)?

All of the rapid-acting insulin analogs are labeled for administration via continuous
subcutaneous infusion. Seven trials comparing rapid-acting insulins to each other or to regular
insulin via continuous subcutaneous infusion.”** Insulin glulisine was as effective as insulin
aspart in two studies.”® ”’ Insulin aspart was equally effective to regular insulin in one study.”®
Lispro was also shown to be equally effective to regular insulin in this same study;’® however, 5
other studies show insulin lispro to be better than regular insulin in terms of A1C reductions
compared to baseline. The A1C results for these seven trials are summarized in Table 8.



Bode et al’® compared insulin aspart, insulin lispro, and buffered regular insulin in a
randomized trial. There were no significant differences in A1C effects between the three
products. Hoogma et al’’ compared insulin glulisine to aspart. There were no significant

differences in A1C at 12 weeks between groups.”’ Five additional trials compared insulin lispro
to regular human insulin administered via continuous subcutaneous infusion.
insulin lispro was superior to regular human insulin in terms of either total A1C at endpoint or

change in A1C from endpoint. The details of these trials are presented in Appendix B,

Evidence Table 5.

78-82

78-82

A single trial compared insulin lispro to regular human insulin administered via

. . . . . . . 5 . . . .
continuous subcutaneous infusion in pediatric patients.” This trial was previously discussed and

is included in the pediatric discussion above.

Table 8. Comparative Efficacy of Insulins via Continuous Subcutaneous Infusion

Agent Duration of | Change in A1C (%) | Reference

Treatment from baseline
Insulin Aspart 4 months 0 Bode et al, 2002

3 months 0.1% Hoogma et al, 2006’
Insulin Glulisine 3 months 0.2% Hoogma et al, 2006’
Insulin Lispro 4 months +0.15 Bode et al, 2002"°

2 months -0.3%* Johansson et al, 2000

3 months -0.34 Raskin et al, 2001*

3 months -0.37%* Zinman et al, 19973

4 months -0.48* Renner et al, 19998!

3 months -0.62 Melki et al, 1998"
Regular Human insulin | 4 months +0.18 Bode et al, 2002

3 months +0.06 to -0.09 Raskin et al, 2001*

3 months -0.03* Zinman et al, 1997

3 months -0.09 Melki et al, 1998”

2 months -0.1* Johansson et al, 2000

4 months -0.34* Renner et al, 19998!

*Data were calculated based on baseline and endpoint results reported in the trial

In all five trials

Adverse Drug Reactions
e How does the safety of the rapid-acting insulins compare with each other?

All of the rapid-acting insulins possess a similar adverse event profile.** Hypoglycemia
is the most common serious adverse event associated with insulins.' Other adverse events
associated with rapid-acting insulins include allergic reactions, injection site reactions,
lipodystrophy, pruritus, and rash. The incidence of these adverse events is unknown with each of
the rapid-acting insulins." ** With the exception of hypoglycemia, there were no significant
differences in type or incidence of adverse events between the different rapid-acting insulins in
the clinical trials included in this monograph. Of the trials that reported discontinuation rate,
none found a significant difference among treatment groups.
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Hypoglycemia results from these clinical trials will be addressed separately in the next
section. Adverse events observed in the special populations (eg. pregnancy, pediatrics) are
discussed separately under a separate clinical question.

¢ How do the rapid-acting insulins compare in terms of hypoglycemia?

Of the 29 multiple daily injection trials that evaluated hypoglycemia, 20 found no
significant differences between one of the rapid-acting insulins and regular insulin.?®3!33-36 3842
43, 48-50.52. 55356 Nine trials did find a significant difference in the rate of hypoglycemia.’*>" 43,46,
47.51.53.34.57 1n most trials, hypoglycemia was more common with regular insulin than with rapid-
acting insulins.

Aspart

Two of the 7 trials comparing aspart and regular insulin found more hypoglycemia in the
regular insulin groups compared to aspart insulin groups.®> >’ Heller et al** found more minor
hypoglycemic events in the regular insulin group (38.2 events/patient-year) compared to the
aspart insulin group (35.8 events/patient-year; relative risk 0.93 [95% CI 0.87 to 1], p = 0.048);
however, the number of major hypoglycemic events was similar between the groups.’? Home et
al’’ found similar results between aspart and regular insulin: a significant differences was found
between groups for minor hypoglycemia (p = 0.024), but not for major hypoglycemic events
following 36 months of treatment.’’ The other 5 trials found no significant differences in
hypoglycemic events.*>>% ¢

Glulisine

None of the 3 trials that compared glulisine and regular insulin found a significant
difference for hypoglycemic events between the groups.’® "> No difference in severe
hypoglycemic events was observed in a comparison between glulisine and lispro.**

Lispro

Seven of the 18 trials that evaluated lispro and regular insulin reported significantly more
hypoglycemia in the regular insulin groups.’” 13.46.47.51.53. 34 gix of the seven trials were in type 1
diabetes patients. Anderson et al’' reported significantly more episodes of hypoglycemia per
month for regular insulin (7.2) compared to lispro (6.4, p < 0.001)’! Pfutzner et al> also reported
significantly more episodes of hypoglycemia per month for regular insulin (9.61) compared to
lispro (8.57, p = 0.008). No difference in hypoglycemia was found between lispro and other
rapid-acting insulins in 11 other trials.? %% 45 48-30. 32

The total number of hypoglycemia episodes was significantly more with regular insulin
(1,156) compared to lispro (775) during a 4 month experimental study.46 Garg et al>* (12 months)
also found more episodes of hypoglycemia for regular insulin patients (1,481) compared to lispro
insulin patients (599, p < 0.04).>* Lalli et al*’ reported a higher incidence of hypoglycemic events
per patient per month for regular insulin patients compared to lispro insulin patients (11.5 vs. 7.4,
p <0.05). Valle et al*’ found that more regular insulin patients experienced severe hypoglycemia
compared to the lispro insulin patients (18.7% vs. 13.8%, p < 0.001); however, there was no
difference in the proportion of patients who reported mild hypoglycemic events.
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Altuntas et al*’ compared regular lispro to regular in an experimental study of 60 patients.

All patients were also given NPH at bedtime. The rate of hypoglycemia was significantly
different between lispro (0.57%) and regular insulin (0.009%) patients.®’

Continuous Subcutaneous Infusion

Of the 7 continuous subcutaneous infusion studies that evaluated hypoglycemia, only one
found a significant difference between agents. Bode et al”® reported significantly less
hypoglycemic episodes per patient month with insulin aspart (6.7 + 5.4) than with lispro (10.5 +
8.1; p < 0.05) or regular insulin (10.5 + 8.9; p < 0.05).”

Nocturnal Hypoglycemia

Of the 15 multiple daily injection trials that evaluated nocturnal hypoglycemia, 7 found
significant differences between one of the rapid-acting insulins and regular insulin.** 3 #>-46-4-
%0-33 The rate of nocturnal hypoglycemia was significantly greater with regular insulin than the
rapid-acting insulins in these 7 studies. The other 8 trials found no differences with nocturnal
hypoglycemia, 2% 30-31:33.35.40.42,57

Aspart

Five trials comparing aspart to regular insulin evaluated nocturnal hypoglycemia.
36:37 Two of these trials found more nocturnal hypoglycemia in the regular insulin group.*
Raskin et al found more major nocturnal hypoglycemia with regular insulin (8%) compared to
aspart (4%, p = 0.013) in an experimental study of 882 patients.’® The number of major nocturnal
hypoglycemic events was also greater with regular insulin (2.7 events/patient year) vs. aspart
(0.8 events/patient-year, p = 0.001) in a 4-month double-blind study. However, regular insulin
was administered 0 to 5 minutes before meals, which likely contributed to the disparity in
adverse events in this study.’ Three trials found no differences with nocturnal hypoglycemia in
patients treated with insulin aspart or regular insulin.** *>°’

32,33, 35,

Glulisine

Four glulisine studies (3 vs. regular, 1 vs. lispro) evaluated nocturnal hypoglycemia.
3133 One of the 4 trials found a significantly increased rate of nocturnal hypoglycemia with
regular insulin (14.5%) compared to glulisine (9.1%, p = 0.029).>> Three trials found no
differenczgs with nocturnal hypoglycemia in comparisons between glulisine to regular insulin
or lispro™.

28, 30,

30, 31

Lispro

Of the 6 trials evaluating nocturnal hypoglycemia, 4 found significantly more events with
regular insulin compared to lispro insulin.*>*>*"** Gale et al** (3 months) and Anderson et al*°
(6 months) found significantly more episodes per month or per patient per month during the
trials for regular insulin compared to lispro insulin (1.8 episodes/month vs. 0.7 episodes/month, p
<0.001 and 0.73 vs. 0.47 episodes/patient/month, p < 0.001). Holleman et al*’ (12 weeks) and
Heller et al*® (4 months) found significantly more episodes during the trials for regular insulin
compared to lispro insulin (312 vs. 176, p < 0.01 and 181 vs. 52, p =0.001). No differences with
nocturnal hypoglycemia occurred between insulin aspart and regular insulin in two trials.*% **
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Continuous Subcutaneous Infusion

A single study by Bode et al”” reported the incidence of nocturnal hypoglycemia in
patients receiving insulin via continuous subcutaneous infusion. In this study, significantly less
nocturnal hypoglycemic episodes per patient month were reported with insulin aspart (0.5 +
0.83) than with regular insulin (0.9 + 0.97; p < 0.05). Nocturnal hypoglycemic events associated
with lispro (0.6 + 0.61) were not significantly different from regular insulin or aspart.

176

e How does the safety of the rapid-acting insulins compare with each other in special
populations?

Gestational Diabetes

None of three trials evaluating rapid-acting insulins in gestational diabetes included data
on hypoglycemic events. Only one trial found differences in neonatal outcomes between groups.
Di Cianni et al® found birth weight to be greater with regular insulin-treated mothers compared
to aspart and lispro (p < 0.03). Birth weight for each group was not reported. There were no
differences among the three groups for week of delivery.®’

Type 1 Diabetes and Pregnancy

Two trials reported hypoglycemic adverse events in pregnant, type 1 diabetic patients
receiving either lispro, aspart, or regular insulin.** % Persson et al*®® found no difference in the
number of patients who experienced hypoglycemia symptoms, but found a greater proportion of
patients in the lispro insulin group experiencing hypoglycemia (blood glucose < 54 mg/dL)
compared to the regular insulin group (5.5% vs. 3.9%, p < 0.05). Mathiesen et al** found no
significant difference between aspart and regular insulin in major and minor hypoglycemic
events and maternal outcomes.**

Three trials did not randomize patients to treatment groups and did not evaluate
hypoglycemia. Cypryk et al*® found no difference in maternal outcomes (ie, cesarean section,
pregnancy duration) or neonatal outcomes (ie, length, weight, percentile rank, Apgar score,
hypoglycemia) for patients taking lispro (n = 25) or regular insulin (n = 46) Loukovarra et a
found no difference in hypoglycemic events, change in retinopathy (improvement or worsening),
or development of retinopathy in pregnant, type 1 diabetics taking lispro (n = 37) or regular
insulin (n = 35). Bhattacharyya et al®® reported no difference in the prevalence of retinopathy in
pregnant, type 1 diabetics taking lispro (n = 16), regular (n = 21), or pork insulin (n = 3).

167

Pediatric Patients

Seven trials reported adverse event outcomes in comparative trials between lispro and
regular insulin.”*” A single trial found significantly less total hypoglycemic episodes per patient
month with lispro (4) than regular insulin (4.4, p < 0.05)"* Nocturnal hypoglycemia events per
patient month was also significantly less with lispro (1) compared to regular insulin (1.7, p <
0.001).” No other significant differences in the rates of hypoglycemia or other adverse events
were reported in any of these trials.
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Summary

The FDA approved rapid-acting insulins include regular insulin, insulin aspart, insulin
lispro, and insulin glulisine. Aspart, glulisine, and lispro are human insulin analogs, and are
produced using recombinant DNA technology. The onset of action is quicker for these analogs
compared to regular insulin. The rapid-acting insulins are used alone or in combination for the
treatment of type 1 diabetes, type 2 diabetes, and gestational diabetes. Patients receive rapid-
acting insulin analogs or regular insulin before meals to control blood glucose increases that
occur during the meal.

Trials in patients with type 1 diabetes showed the following improvements in A1C with
the rapid-acting insulins: aspart insulin by 0.06% to 0.34%, glulisine by 0.11% to 0.46%, lispro
by 0.1% to 4%, and regular insulin by 0.08% to 4.9%. In patients with type 2 diabetes, aspart
insulin improves A1C by 0.4%, glulisine improves A1C by 0.32% to 0.46%, lispro improves
A1C by 0.5% to 2.7%, and regular insulin improves A1C by 0.3% to 2.3%. Comparison of
reductions in A1C between rapid-acting insulins must be done with caution; no two studies were
similar in study design. In general, insulins aspart, glulisine, and lispro are at least as effective as
regular insulin.

The adverse events are similar among insulin products, except for hypoglycemia. Most
trials with rapid-acting insulin analogs reporting hypoglycemia found similar incidences or
proportions of patients with events for regular insulin compared to aspart, glulisine, or lispro
insulin. Nine of 28 trials showed a significant reduction in hypoglycemic events with glulisine,
lispro, or aspart compared to regular insulin.

References

1. American Diabetes Association. Standards of Medical Care in Diabetes-2008. Diabetes
Care. Jan 2008;31(suppl 1):S12-S54.

2. Lacy CF, Armstrong LL, Goldman MP, Lance LL, eds. Drug Information Handbook. 13th
ed. Hudson, OH: Lexi-Comp; 2008.

3. Wickersham RM, Novak KK, managing eds. Drug Facts and Comparisons. St. Louis, MO:
Wolters Kluwer Health, Inc.; 2008.

4. Novolin R (human insulin injection [recombinant DNA origin] USP) package insert.
Princeton, NJ: Novo Nordisk Inc.; 2005.

5. Humulin R Concentrated (regular insulin human injection [TDNA origin] USP, U-500)
information for the physician. Indianapolis, IN: Eli Lilly and Company; 2007.

6. Humulin R (regular insulin human injection [rDNA origin] USP, U-100) information for
the patient. Indianapolis, IN: Eli Lilly and Company; 2007.

7. Humalog (insulin lispro injection [TDNA origin]) package insert. Indianapolis, IN: Eli Lilly
and Company. 2007.

8. Apidra (insulin glulisine [rDNA origin] injection) package insert. Bridgewater, NJ: Sanofi
Aventis. 2007.

9. Novolog (insulin aspart [DNA origin] injection) package insert. Princeton, NJ: Novo
Nordisk Inc.; 2008.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

24

Triplitt CL, Reasner CA, Isley WL. Chapter 72: Diabetes Mellitus. In: Dipiro JT, Talbert
RL, Yee GC, Matzke GR, Wells BG, Posey LM, eds. Pharmacotherapy: A
Pahtophysiologic Approach. Sixth edition ed. New York, NY: McGraw Hill Medical
Publishing; 2005:1333-1367.

Centers for Disease Control and Prevention. National diabetes fact sheet, 2007. Department
of Health and Human Services. Available at
http://www.cdc.gov/diabetes/pubs/pdf/ndfs 2007.pdf. Accessed June 26, 2008.

Metzger BE, Buchanan TA, Coustan DR, et al. Summary and recommendations of the Fifth
International Workshop-Conference on Gestational Diabetes Mellitus. Diabetes Care. Jul
2007;30 Suppl 2:S251-260.

Centers for Disease Control and Prevention. Press Release: Number of People with
Diabetes Increases to 24 Million. Department of Health and Human Services, June 24,
2008. Available at http://www.cdc.gov/media/pressrel/2008/r080624.htm. Accessed June
24, 2008.

Nathan DM, Cleary PA, Backlund JY, et al. Intensive diabetes treatment and
cardiovascular disease in patients with type 1 diabetes. N Engl J Med. Dec 22
2005;353(25):2643-2653.

Diabetes Control and Complications Trial Research Group. The effect of intensive
treatment of diabetes on the development and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl J Med. 2001;329:977-986.

Patel A, MacMahon S, Chalmers J, et al. Intensive blood glucose control and vascular
outcomes in patients with type 2 diabetes. N Engl J Med. Jun 12 2008;358(24):2560-2572.
Gerstein HC, Miller ME, Byington RP, et al. Effects of intensive glucose lowering in type
2 diabetes. N Engl J Med. Jun 12 2008;358(24):2545-2559.

Kjos SL, Buchanan TA. Gestational diabetes mellitus. N Engl J Med. Dec 2
1999;341(23):1749-1756.

Preconception care of women with diabetes. Diabetes Care. Jan 2004;27 Suppl 1:S76-78.
Heinemann L. Do insulin-treated diabetic patients use an injection-meal interval in daily
life? Diabet Med. 1995;12:449-450.

Davis EM, Christensen CM, Nystrom KK, Foral PA, Destache C. Patient satisfaction and
costs associated with insulin administered by pen device or syringe during hospitalization.
Am J Health Syst Pharm. Jul 15 2008;65(14):1347-1357.

Brunelle BL, Llewelyn J, Anderson JH, Jr., Gale EA, Koivisto VA. Meta-analysis of the
effect of insulin lispro on severe hypoglycemia in patients with type 1 diabetes. Diabetes
Care. Oct 1998;21(10):1726-1731.

Davey P, Grainger D, MacMillan J, Rajan N, Aristides M, Gliksman M. Clinical outcomes
with insulin lispro compared with human regular insulin: a meta-analysis. Clin Ther. Jul-
Aug 1997;19(4):656-674.

Palmer AJ, Roze S, Valentine WJ, Smith I, Wittrup-Jensen KU. Cost-effectiveness of
detemir-based basal/bolus therapy versus NPH-based basal/bolus therapy for type 1
diabetes in a UK setting: an economic analysis based on meta-analysis results of four
clinical trials. Curr Med Res Opin. Nov 2004;20(11):1729-1746.

Rosenstock J, Dailey G, Massi-Benedetti M, Fritsche A, Lin Z, Salzman A. Reduced
hypoglycemia risk with insulin glargine: a meta-analysis comparing insulin glargine with
human NPH insulin in type 2 diabetes. Diabetes Care. Apr 2005;28(4):950-955.



http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2007.pdf
http://www.cdc.gov/media/pressrel/2008/r080624.htm

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

25

Plank J, Siebenhofer A, Berghold A, et al. Systematic review and meta-analysis of short-
acting insulin analogues in patients with diabetes mellitus. Arch Intern Med. Jun 27
2005;165(12):1337-1344.

Siebenhofer A, Plank J, Berghold A, et al. Short acting insulin analogues versus regular
human insulin in patients with diabetes mellitus. Cochrane Database Syst Rev.
2006(2):CD003287.

Dreyer M, Prager R, Robinson A, et al. Efficacy and safety of insulin glulisine in patients
with type 1 diabetes. Horm Metab Res. Nov 2005;37(11):702-707.

Skrha J, Smahelova A, Andel M, et al. Insulin lispro improves postprandial glucose control
in patients with diabetes mellitus. Sb Lek. 2002;103(1):15-21.

Garg SK, Rosenstock J, Ways K. Optimized Basal-bolus insulin regimens in type 1
diabetes: insulin glulisine versus regular human insulin in combination with Basal insulin
glargine. Endocr Pract. Jan-Feb 2005;11(1):11-17.

Dailey G, Rosenstock J, Moses RG, Ways K. Insulin glulisine provides improved glycemic
control in patients with type 2 diabetes. Diabetes Care. Oct 2004;27(10):2363-2368.
Heller SR, Colagiuri S, Vaaler S, et al. Hypoglycaemia with insulin aspart: a double-blind,
randomised, crossover trial in subjects with Type 1 diabetes. Diabet Med. Jul
2004;21(7):769-775.

DeVries JH, Lindholm A, Jacobsen JL, Heine RJ, Home PD. A randomized trial of insulin
aspart with intensified basal NPH insulin supplementation in people with Type 1 diabetes.
Diabet Med. Apr 2003;20(4):312-318.

Tamas G, Marre M, Astorga R, Dedov I, Jacobsen J, Lindholm A. Glycaemic control in
type 1 diabetic patients using optimised insulin aspart or human insulin in a randomised
multinational study. Diabetes Res Clin Pract. Nov 2001;54(2):105-114.

Home PD, Lindholm A, Riis A. Insulin aspart vs. human insulin in the management of
long-term blood glucose control in Type 1 diabetes mellitus: a randomized controlled trial.
Diabet Med. Nov 2000;17(11):762-770.

Raskin P, Guthrie RA, Leiter L, Riis A, Jovanovic L. Use of insulin aspart, a fast-acting
insulin analog, as the mealtime insulin in the management of patients with type 1 diabetes.
Diabetes Care. May 2000;23(5):583-588.

Altuntas Y, Ozen B, Ozturk B, et al. Comparison of additional metformin or NPH insulin
to mealtime insulin lispro therapy with mealtime human insulin therapy in secondary OAD
failure. Diabetes Obes Metab. Nov 2003;5(6):371-378.

Sargin H, Sargin M, Altuntas Y, et al. Comparison of lunch and bedtime NPH insulin plus
mealtime insulin Lispro therapy with premeal regular insulin plus bedtime NPH insulin
therapy in type 2 diabetes. Diabetes Res Clin Pract. Nov 2003;62(2):79-86.

Recasens M, Aguilera E, Morinigo R, et al. Insulin lispro is as effective as regular insulin
in optimising metabolic control and preserving beta-cell function at onset of type 1 diabetes
mellitus. Diabetes Res Clin Pract. Jun 2003;60(3):153-159.

Ross SA, Zinman B, Campos RV, Strack T. A comparative study of insulin lispro and
human regular insulin in patients with type 2 diabetes mellitus and secondary failure of oral
hypoglycemic agents. Clin Invest Med. Dec 2001;24(6):292-298.

Annuzzi G, Del Prato S, Arcari R, et al. Preprandial combination of lispro and NPH insulin
improves overall blood glucose control in type 1 diabetic patients: a multicenter
randomized crossover trial. Nutr Metab Cardiovasc Dis. Jun 2001;11(3):168-175.



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

26

Ferguson SC, Strachan MW, Janes JM, Frier BM. Severe hypoglycaemia in patients with
type 1 diabetes and impaired awareness of hypoglycaemia: a comparative study of insulin
lispro and regular human insulin. Diabetes Metab Res Rev. Jul-Aug 2001;17(4):285-291.
Valle D, Santoro D, Bates P, Scarpa L. Italian multicentre study of intensive therapy with
insulin lispro in 1184 patients with Type 1 diabetes. Diabetes Nutr Metab. Jun
2001;14(3):126-132.

Beisswenger PJ, Howell SK, O'Dell RM, Wood ME, Touchette AD, Szwergold BS. alpha-
Dicarbonyls increase in the postprandial period and reflect the degree of hyperglycemia.
Diabetes Care. Apr 2001;24(4):726-732.

Gale EA. A randomized, controlled trial comparing insulin lispro with human soluble
insulin in patients with Type 1 diabetes on intensified insulin therapy. The UK Trial Group.
Diabet Med. Mar 2000;17(3):209-214.

Heller SR, Amiel SA, Mansell P. Effect of the fast-acting insulin analog lispro on the risk
of nocturnal hypoglycemia during intensified insulin therapy. U.K. Lispro Study Group.
Diabetes Care. Oct 1999;22(10):1607-1611.

Lalli C, Ciofetta M, Del Sindaco P, et al. Long-term intensive treatment of type 1 diabetes
with the short-acting insulin analog lispro in variable combination with NPH insulin at
mealtime. Diabetes Care. Mar 1999;22(3):468-477.

Vignati L, Anderson JH, Jr., Iversen PW. Efficacy of insulin lispro in combination with
NPH human insulin twice per day in patients with insulin-dependent or non-insulin-
dependent diabetes mellitus. Multicenter Insulin Lispro Study Group. Clin Ther. Nov-Dec
1997;19(6):1408-1421.

Holleman F, Schmitt H, Rottiers R, Rees A, Symanowski S, Anderson JH. Reduced
frequency of severe hypoglycemia and coma in well-controlled IDDM patients treated with
insulin lispro. The Benelux-UK Insulin Lispro Study Group. Diabetes Care. Dec
1997;20(12):1827-1832.

Anderson JH, Jr., Brunelle RL, Keohane P, et al. Mealtime treatment with insulin analog
improves postprandial hyperglycemia and hypoglycemia in patients with non-insulin-
dependent diabetes mellitus. Multicenter Insulin Lispro Study Group. Arch Intern Med. Jun
9 1997;157(11):1249-1255.

Anderson JH, Jr., Brunelle RL, Koivisto VA, et al. Reduction of postprandial
hyperglycemia and frequency of hypoglycemia in IDDM patients on insulin-analog
treatment. Multicenter Insulin Lispro Study Group. Diabetes. Feb 1997;46(2):265-270.
Anderson JH, Jr., Brunelle RL, Koivisto VA, Trautmann ME, Vignati L., DiMarchi R.
Improved mealtime treatment of diabetes mellitus using an insulin analogue. Multicenter
Insulin Lispro Study Group. Clin Ther. Jan-Feb 1997;19(1):62-72.

Pfutzner A, Kustner E, Forst T, et al. Intensive insulin therapy with insulin lispro in
patients with type 1 diabetes reduces the frequency of hypoglycemic episodes. Exp Clin
Endocrinol Diabetes. 1996;104(1):25-30.

Garg SK, Carmain JA, Braddy KC, et al. Pre-meal insulin analogue insulin lispro vs
Humulin R insulin treatment in young subjects with type 1 diabetes. Diabet Med. Jan
1996;13(1):47-52.

Rayman G, Profozic V, Middle M. Insulin glulisine imparts effective glycaemic control in
patients with Type 2 diabetes. Diabetes Res Clin Pract. May 2007;76(2):304-312.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

27

Pala L, Mannucci E, Dicembrini I, Rotella CM. A comparison of mealtime insulin aspart
and human insulin in combination with metformin in type 2 diabetes patients. Diabetes Res
Clin Pract. Oct 2007;78(1):132-135.

Home PD, Hallgren P, Usadel KH, et al. Pre-meal insulin aspart compared with pre-meal
soluble human insulin in type 1 diabetes. Diabetes Res Clin Pract. Feb 2006;71(2):131-
139.

Herz M, Sun B, Milicevic Z, et al. Comparative efficacy of preprandial or postprandial
Humalog Mix75/25 versus glyburide in patients 60 to 80 years of age with type 2 diabetes
mellitus. Clin Ther. Jan 2002;24(1):73-86.

Bretzel RG, Arnolds S, Medding J, Linn T. A direct efficacy and safety comparison of
insulin aspart, human soluble insulin, and human premix insulin (70/30) in patients with
type 2 diabetes. Diabetes Care. May 2004;27(5):1023-1027.

Di Cianni G, Volpe L, Ghio A, et al. Maternal metabolic control and perinatal outcome in
women with gestational diabetes mellitus treated with lispro or aspart insulin: comparison
with regular insulin. Diabetes Care. Apr 2007;30(4):e11.

Mecacci F, Carignani L, Cioni R, et al. Maternal metabolic control and perinatal outcome
in women with gestational diabetes treated with regular or lispro insulin: comparison with
non-diabetic pregnant women. Eur J Obstet Gynecol Reprod Biol. Nov 10 2003;111(1):19-
24.

Jovanovic L, Ilic S, Pettitt DJ, et al. Metabolic and immunologic effects of insulin lispro in
gestational diabetes. Diabetes Care. Sep 1999;22(9):1422-1427.

Pettitt DJ, Ospina P, Howard C, Zisser H, Jovanovic L. Efficacy, safety and lack of
immunogenicity of insulin aspart compared with regular human insulin for women with
gestational diabetes mellitus. Diabet Med. Oct 2007;24(10):1129-1135.

Mathiesen ER, Kinsley B, Amiel SA, et al. Maternal glycemic control and hypoglycemia in
type 1 diabetic pregnancy: a randomized trial of insulin aspart versus human insulin in 322
pregnant women. Diabetes Care. Apr 2007;30(4):771-776.

Persson B, Swahn ML, Hjertberg R, et al. Insulin lispro therapy in pregnancies complicated
by type 1 diabetes mellitus. Diabetes Res Clin Pract. Nov 2002;58(2):115-121.

Cypryk K, Sobczak M, Pertynska-Marczewska M, et al. Pregnancy complications and
perinatal outcome in diabetic women treated with Humalog (insulin lispro) or regular
human insulin during pregnancy. Med Sci Monit. Feb 2004;10(2):P129-32.

Loukovaara S, Immonen I, Teramo KA, Kaaja R. Progression of retinopathy during
pregnancy in type 1 diabetic women treated with insulin lispro. Diabetes Care. Apr
2003;26(4):1193-1198.

Bhattacharyya A, Vice PA. Insulin lispro, pregnancy, and retinopathy. Diabetes Care. Dec
1999;22(12):2101-2104.

Deeb LC, Holcombe JH, Brunelle R, et al. Insulin lispro lowers postprandial glucose in
prepubertal children with diabetes. Pediatrics. Nov 2001;108(5):1175-1179.

Ford-Adams ME, Murphy NP, Moore EJ, et al. Insulin lispro: a potential role in preventing
nocturnal hypoglycaemia in young children with diabetes mellitus. Diabet Med. Aug
2003;20(8):656-660.

Tupola S, Komulainen J, Jaaskelainen J, Sipila I. Post-prandial insulin lispro vs. human
regular insulin in prepubertal children with Type 1 diabetes mellitus. Diabet Med. Aug
2001;18(8):654-658.



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

28

Holcombe JH, Zalani S, Arora VK, Mast CJ. Comparison of insulin lispro with regular
human insulin for the treatment of type 1 diabetes in adolescents. Clin Ther. Apr
2002;24(4):629-638.

Cherubini V, lannilli A, Iafusco D, et al. Premeal insulin treatment during basal-bolus
regimen in young children with type 1 diabetes. Diabetes Care. Oct 2006;29(10):2311-
2312.

Weinzimer SA, Ternand C, Howard C, Chang CT, Becker DJ, Laffel LM. A randomized
trial comparing continuous subcutaneous insulin infusion of insulin aspart versus insulin
lispro in children and adolescents with type 1 diabetes. Diabetes Care. Feb
2008;31(2):210-215.

Tubiana-Rufi N, Coutant R, Bloch J, et al. Special management of insulin lispro in
continuous subcutaneous insulin infusion in young diabetic children: a randomized cross-
over study. Horm Res. 2004;62(6):265-271.

Bode B, Weinstein R, Bell D, et al. Comparison of insulin aspart with buffered regular
insulin and insulin lispro in continuous subcutaneous insulin infusion: a randomized study
in type 1 diabetes. Diabetes Care. Mar 2002;25(3):439-444.

Hoogma RP, Schumicki D. Safety of insulin glulisine when given by continuous
subcutaneous infusion using an external pump in patients with type 1 diabetes. Horm
Metab Res. Jun 2006;38(6):429-433.

Johansson UB, Adamson UC, Lins PE, Wredling RA. Improved blood glucose variability,
HbA 1c insuman Infusat and less insulin requirement in IDDM patients using insulin lispro
in CSII. The Swedish Multicenter Lispro Insulin Study. Diabetes Metab. May
2000;26(3):192-196.

Melki V, Renard E, Lassmann-Vague V, et al. Improvement of HbA1c and blood glucose
stability in IDDM patients treated with lispro insulin analog in external pumps. Diabetes
Care. Jun 1998;21(6):977-982.

Raskin P, Holcombe JH, Tamborlane WV, et al. A comparison of insulin lispro and
buffered regular human insulin administered via continuous subcutaneous insulin infusion
pump. J Diabetes Complications. Nov-Dec 2001;15(6):295-300.

Renner R, Pfutzner A, Trautmann M, Harzer O, Sauter K, Landgraf R. Use of insulin lispro
in continuous subcutaneous insulin infusion treatment. Results of a multicenter trial.
German Humalog-CSII Study Group. Diabetes Care. May 1999;22(5):784-788.

Zinman B, Tildesley H, Chiasson JL, Tsui E, Strack T. Insulin lispro in CSII: results of a
double-blind crossover study. Diabetes. Mar 1997,46(3):440-443.

Hod M, Damm P, Kaaja R, et al. Fetal and perinatal outcomes in type 1 diabetes
pregnancy: a randomized study comparing insulin aspart with human insulin in 322
subjects. Am J Obstet Gynecol. Feb 2008;198(2):186 e¢181-187.

Document Information
Prepared by: John Vu, PharmD, Drug Information Specialist and

Dave Peterson, PharmD, Drug Information Specialist

Edited by: M. Christina Beckwith, PharmD, Drug Information Specialist

Date:

September 4, 2008

©2008 University of Utah, Drug Information Service, Salt Lake City, UT.



29

Appendix A: Grades of Scientific Evidence

Grade 1.

Grade 2.
Grade 3.

Grade 4.
Grade 5.

Evidence from randomized, blinded, placebo-controlled, clinical trials in peer
reviewed journals.

Non-randomized controlled trials.

Non-randomized historical cohort studies. Other studies with non-experimental
designs (eg, population based studies, case-control studies).

Case reports, case series, abstracts of trials.

Consensus of experts where data are incomplete or inconsistent.

Appendix B: Evidence Tables
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Evidence Table 2. Clinical Trials Evaluating the Rapid-Acting Insulins in Gestational Diabetes
Evidence Table 3. Clinical Trials Evaluating the Rapid-Acting Insulins in Pregnancy

Evidence Table 4. Clinical Trials Evaluating the Rapid-Acting Insulins in Children

Evidence Table 5. Clinical Trials Evaluating the Rapid-Acting Insulins as Subcutaneous

Infusions
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Evidence Table 1. Clinical Trials Evaluating the Rapid-Acting Insulins

Reference/
Study Design

N

Patient Selection

Treatment Interventions

Significant Outcomes

Clinical Results

Discontinuation &
Adverse Events

Grade*

Aspart vs. Regular

Home et al, 1,065 | Type 1 diabetes Insulin aspart before meals Aspart > Regular Discontinuation due to adverse 1
2000% (n=707) events
Adult patients (mean age A1C at 6 months, mean = Aspart: 6/707 (0.8%)
Experimental 38 years), > 2 years since Regular insulin 30 minutes = Aspart: 7.88 + 0.03% = Regular: 3/358 (0.8%)
parallel: diagnosis, and A1C <11% | before meals (n =358) = Regular: 8 +0.04%
randomized, (mean baseline aspart = Difference: -0.12 (95% CI -0.03 to - | Major hypoglycemic events per
open-label, 7.96%; regular insulin All patients received NPH 0.22), p <0.02 patient year (at 6 months)
multicenter 7.98%) insulin once or twice daily * Aspart: 0.81

Duration: 6 months

Change in A1C at 6 months
(calculated)
= Aspart: -0.08%
= Regular: +0.02%
(no statistical comparison available)

Although NPH doses were meant to
remain constant throughout the trial,
after correction for baseline NPH dose,
patients receiving aspart received
higher NPH doses than patients
receiving regular insulin (difference =
0.025 units/kg, p <0.0001)
= Treatment difference adjusted for
NPH dose: -0.1 (95% CI -0.004 to -
0.2), p<0.05

= Regular: 0.97
* Relative risk: 0.83 (95% CI 0.59
to 1.18), p=NS

Minor hypoglycemic events per

patient year (at 6 months)

* Aspart: 7.64

= Regular: 7.54

* Relative risk: 1.01 (95% CI 0.89
to 1.16), p=NS

Major nocturnal hypoglycemic

events per patient year (at 6 months)

e Aspart: 0.34

= Regular: 0.46

« Relative risk: 0.7 (95% CI 0.47 to
1.04), p=NS

Abbreviations: A1C = hemoglobin A.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Raskin et al, 882 Type 1 diabetes Primary Study (6 months) Aspart > Regular Total discontinuation at 6 months 1

2000

Experimental
parallel:
randomized,
open-label,
multicenter

Adult patients (mean = 39
years), > 18 months since
diagnosis (mean = 16
years), A1C < 11% (mean
baseline aspart 7.9%;
regular insulin 7.95%)

= Insulin aspart immediately
before meals (n = 596)

= Regular insulin 30 minutes
before meals (n = 286)

6-Month Extension

= Insulin aspart immediately
before meals (n = 494)

= Regular insulin 30 minutes
before meals (n = 220)

All patients received stable
doses of basal NPH at
bedtime throughout the trial
(< 4% also received an
morning dose of NPH)

Duration = 6 months
(followed by an optional 6
month extension [n = 714])

A1C at 6 months
= Aspart: 7.78+0.03%
= Regular: 7.93+0.05% (p=0.005)

Change in A1C at 6 months
(calculated)
* Aspart: -0.12%
= Regular: -0.02%
(no statistical comparison available)

A1C at 12 months
= Aspart: 7.78+0.04%
= Regular: 7.91+0.06% (p=0.046)

Change in A1C at 12 months
(calculated)
* Aspart: -0.12%
= Regular: -0.04%
(no statistical comparison available)

Although NPH doses were meant to
remain constant throughout the trial,
after correction for baseline NPH dose,
patients receiving aspart received
higher NPH doses than patients
receiving regular insulin (difference =
0.02 units/kg, p=0.01)

* Aspart: 44/596 (7%)
= Regular: 23/286 (8),, p = NS

Discontinuation due to adverse
events

= Aspart: 6/596 (1%)

= Regular: 3/286 (1%), p=NS

Major hypoglycemic events per
patient year (at 6 months)

= Aspart: 0.91

e Regular: 1.13, p=NS

Minor hypoglycemic events per
patient year (at 6 months)

« Aspart: 43.44

* Regular: 45.48, p = NS

Patients experiencing > 1 major
nocturnal hypoglycemic event

o Aspart: 24/596 (4%)

e Regular: 23/286 (8%), p=0.013

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &
Adverse Events
Home et al, 753 Type 1 diabetes Insulin aspart before meals Aspart > Regular Discontinuation due to adverse 1
20067 (n=567) events: approximately 1% in each
Patients > 18 years of age, A1C at 30 months group
Experimental > 2 years since diagnosis, | Regular insulin 30 minutes = Aspart: 8.09 + 0.04%
parallel: A1C <11% (mean before meals (n = 186) = Regular: 8.25 +0.07% Major hypoglycemic events per
randomized, baseline aspart 7.96%; = Treatment difference: -0.16, p = patient year (at 36 months)
open-label, regular insulin 7.98%) All patients also received 0.035 « Aspart: 0.48
multicenter NPH insulin either once or * Regular: 0.47, p=NS
twice daily A1C at 36 months
30-month e Aspart=7.97+0.11% Patients experiencing minor
extension Duration: 30 month * Regular=8.11 +0.19% hypoglycemic episodes
study to 6- = Treatment difference not reported = Aspart: 29%
month study = Regular: 22%, p =0.024
by Home et Change in A1C at 36 months
al.®® (calculated) No significant differences between

= Aspart: +0.01%
= Regular: +0.13%
(no statistical comparison available)

groups in major nocturnal
hypoglycemic events

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events

Tamas et al, 423 Type 1 diabetes Insulin aspart 0 — 5 minutes Aspart > Regular Discontinuation due to adverse 1
20013 before meals (n=211) events not reported

Patients 18 — 70 years of A1C at 12 weeks
Experimental age, > 2 years since Regular insulin 30 minutes = Aspart: 8.02 + 0.05% Patients experiencing major
parallel: diagnosis, A1C 7 - 10% before meals (n =212) = Regular: 8.18 +0.05% hypoglycemic event
randomized, (mean baseline aspart = Treatment difference: -0.17 (95% CI | = Aspart: 15/211 (7%)
open-label, 8.36%; regular insulin All patients also received -0.3t0-0.04), p=10.013 = Regular: 17/212 (8%)
multicenter 8.29%) NPH insulin either once,

twice, or three times daily.

Duration: 12 weeks

Change in A1C at 12 weeks
(calculated)
= Aspart: -0.34%
= Regular: -0.11%
(no statistical comparison available)

Dose and number of NPH injections

increased was greater with aspart

group compared to regular insulin at

week 12 (p <0.001).

= Treatment difference adjusted for
NPH dose: -0.20 (95% CI-0.34 to -
0.05), p=0.0073

Patients experiencing minor
hypoglycemic event

* Aspart: 178/211 (84%)

= Regular: 173/212 (81%)

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
DeVries et al, 362 Type 1 diabetes Regular insulin 30 minutes Aspart = Regular Discontinuation due to adverse 1

2003

Experimental
parallel:
randomized,
open-label,
multicenter

Patients > 18 years of age,
diagnosis > 2 years, A1C
7 — 10% (mean baseline
aspart 8.36%; regular
insulin 8.4%)

before meals (n = 184)

Insulin aspart immediately
before meals (n = 178)

All patients also received
NPH insulin at bedtime.

Duration: 64 weeks

AlC at 12 weeks

= Aspart: 7.98 + 0.05%

= Regular: 8.12 +0.05%

= Treatment difference: -0.09 (95% CI
-0.23 t0 -0.04), p = NS

Change in A1C at 12 weeks
(calculated)
« Aspart: -0.41%
= Regular: -0.28%
(no statistical comparison available)

A1C at 64 weeks

= Aspart: 8.08 + 0.08%

* Regular: 8.22 +0.07%

= Treatment difference: -0.14 (95% CI
-0.32t0 -0.04), p=NS

Change in A1C at 64 weeks
(calculated)
= Aspart: -0.28%
= Regular: -0.18%
(no statistical comparison available)

events
= Aspart: 2/186 (1%)
= Regular: 3/181 (1.6%)

Major hypoglycemic events per

patient year (at 12 weeks)

* Aspart: 1.225

= Regular: 1.1

* Relative risk: 1.16 (95% CI 0.62
t0 2.19), p=NS

Minor hypoglycemic events per

patient month (at 12 weeks)

e Aspart: 3.12

= Regular: 3.64

= Relative risk: 0.99 (95% CI 0.75
to 1.12), p=NS

No differences between groups with
minor and major hypoglycemic
events at 64 weeks

No differences between groups with
rates of nocturnal hypoglycemia at
12 weeks

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events

Heller et al, 143 Type 1 diabetes Insulin aspart 0 — 5 minutes Aspart = Regular Discontinuation due to adverse 1
2004 before meals (n = 73) events not reported

Patients 18 — 65 years of A1C at 4 months
Experimental age, > 2 years since Regular insulin 0 — 5 = Aspart: 7.7 + 0.8% Major hypoglycemic events per
CroSsSover: diagnosis, A1C < 9% minutes before meals = Regular: 7.7 + 0.9% patient year (at 4 months)
randomized, (mean baseline: 7.9%) (n="70) = Treatment difference: -0.105 (95% * Aspart: 0.85
double-blind, CI-0.105t00.17), p=NS = Regular: 1.11
multicenter All patients also received = Relative risk: 0.72 (95% CI 0.47

NPH insulin either once or
twice daily.

Washout period of 4 weeks;
all patients treated with
regular insulin

Duration: 4 months for each
treatment arm

Change in A1C at 4 months
(calculated)
* Aspart: -0.2%
= Regular: -0.2%
(no statistical comparison available)

to 1.09), p = NS

Minor hypoglycemic events per

patient year (at 4 months)

e Aspart: 35.8

« Regular: 38.2

= Relative risk: 0.93 (95% C10.87
to 1.00), p=0.048

Major nocturnal hypoglycemic

events per patient year (at 4 months)

= Aspart: 0.8

* Regular: 2.7

= Relative risk: 0.28 (95% C10.13
to 0.59), p=0.001

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events

Pala et al, 25 Type 2 diabetes Patients were randomized to | Aspart > Regular Discontinuations due to adverse 1
2007 1 of 2 groups and were events not reported

Patients 30 — 65 years of treated for 90 days before A1C at 180 days
Experimental age, > 5 years since crossover = Aspart: 7.3+0.7% No severe hypoglycemic events
CroSsSover: diagnosis, AIC > 7.5% = Insulin aspart 0.1 units’kg, | = Regular: 7.9+0.05% (no statistical reported
randomized, despite treatment with oral immediately before meals comparisons made)
open-label hypoglycemic agents * Regular insulin 0.1 Mild hypoglycemic events per

(mean baseline: 7.3%)

units/kg, 30 minutes
before meals

All patients received
metformin 500 mg thee
times a day after meals

Washout period undefined

Duration: 180 days

Change in A1C at 180 days
= Aspart: -0.4%
= Regular: 0.1% (p < 0.05)

month
* Aspart: 2.2
* Regular: 2.3, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/
Study Design

N

Patient Selection

Treatment Interventions

Significant Outcomes

Clinical Results

Discontinuation &
Adverse Events

Grade*

Glulisine vs. Regular

Garg et al,
2005

Experimental
parallel:
randomized,
open-label,
multi-center

860

Type 1 Diabetes

Patients > 18 years of age,
> 1 year of insulin
therapy, A1C 6 to 11%
(baseline range of 7.6 to
7.7%)

Insulin glulisine 0 — 15
before or after meals
(n=286)

Insulin glulisine immediately
after a meal or 20 minutes
after starting a meal
(n=296)

Regular insulin 30 to 45
minutes before meals
(n=278)

All patients received doses
of basal insulin glargine

throughout the trial

Duration: 12 weeks

Premeal Glulisine > Postmeal
Glulisine, Regular

Postmeal Glulisine = Regular

Change in A1C at 12 weeks

= Premeal glulisine: -0.26%, p = 0.02
vs. regular, p = 0.006 vs. postmeal
glulisine

= Postmeal glulisine: -0.11%, p = NS
vs. regular

= Regular: -0.13%

Discontinuation due to adverse
events:

= Premeal glulisine: 3/286 (1%)
= Postmeal glulisine: 3/296 (1%)
= Regular: 4/278 (1.4%)

Severe hypoglycemic events per
patient month (at 12 weeks)

= Premeal glulisine: 0.05

= Postmeal glulisine: 0.05

* Regular: 0.13

= p =NS, all comparisons

Symptomatic hypoglycemic events
per patient month (at 12 weeks)

= Premeal glulisine: 3.46

= Postmeal glulisine: 3.71

= Regular: 3.49

* p=NS, all comparisons

Nocturnal hypoglycemic events per
patient month (at 12 weeks)

= Premeal glulisine: 0.64

= Postmeal glulisine: 0.71

= Regular: 0.71

* p=NS, all comparisons

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Rayman et al, 890 Type 2 diabetes Insulin glulisine, Glulisine = Regular Discontinuation due to adverse 1

2007%°

Experimental
parallel:
randomized,
open-label,
multi-center

Patients > 18 years of age,
> 6 months of continuous
insulin therapy since
diagnosis. AIC6—-11%
(mean baseline glulisine
7.57%; regular 7.51%)

administration time relative
to meals not defined
(n = 448)

Regular insulin,
administration time relative
to meals not defined

(n =442)

All patients received twice
daily doses of basal NPH

Patients were allowed to
continue stable doses of oral
hypoglycemic agents except
glitazones, repaglinide, and
nateglinide

Duration: 26 weeks

A1C at 26 weeks
e Glulisine: 7.25 + 0.95%

= Regular: 7.19 + 0.9% (p = NS)

Change in A1C at 26 weeks
e Glulisine: -0.32%
= Regular: -0.35% (p = NS)

events
* Glulisine: 9/448 (2%)
= Regular: 3/442 (0.6%)

Patients experiencing > 1 severe
hypoglycemic event (at 26 weeks)
= Glulisine: 2/448 (0.5%)

* Regular: 7/442 (1.6%), p=NS

Patients experiencing nocturnal

hypoglycemic event

= Glulisine: 39/448 (9.1%)

= Regular: 63/442 (14.5%),p =
0.029

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Dailey et al, 876 Type 2 diabetes Insulin glulisine 0 — 15 Glulisine > Regular Discontinuation due to adverse 1

2004

Experimental
parallel:
randomized,
open-label,
multicenter

Patients > 18 years of age,
insulin therapy > 6
months, A1C 6-11%
(mean baseline glulisine
7.57%; regular insulin
7.5%)

Baseline — glulisine
patients were significantly
older than regular insulin
patients (58.9+10.20 years
vs. 57.749.9 years,
p=0.04). Glulisine patients
had diabetes significantly
longer than regular insulin
patients (14.7+8.12 years
vs. 13.4+7.55 years,
p=0.02)

minutes before breakfast and
dinner (n =435)

Regular insulin 30 — 40
minutes before breakfast and
dinner (n = 441)

All patients also received
NPH insulin at bedtime and
were allowed to continue
oral hypoglycemic
medications

Duration: 26 weeks

A1C at 26 weeks
e Glulisine: 7.08%
= Regular: 7.19%, p = 0.0341

Change in A1C at 26 weeks

* Glulisine: -0.46%

= Regular: -0.3%

= Treatment difference: -0.16 (95% CI
-0.26 to -0.05 %), p = 0.0029

events
= Glulisine: 5/435 (1.1%)
= Regular: 6/441 (1.3%)

Patients experiencing > 1
hypoglycemic event

* Glulisine: 51.7%

= Regular: 53.6%, p=NS

Patients experiencing > 1 nocturnal
hypoglycemic event

= Glulisine: 21.4%

= Regular: 24.5%, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &
Adverse Events

Glulisine vs. Lispro
Dreyer et al, 672 | Type 1 diabetes Insulin glulisine 0 — 15 Glulisine = Lispro Discontinuation due to adverse 1
200578 before meals (n = 339) events

Patients > 18 years of age, A1C at 26 weeks = Glulisine: 2/339 (0.3%)
Experimental > 1 year of continuous Insulin lispro 0 — 15 minutes |  Glulisine: 7.46+0.9% = Lispro: 3/333 (0.9%, p value not
parallel: insulin therapy since before meals (n =333) = Lispro: 7.45+0.09% (p value not reported)
randomized, diagnosis. Onset of reported)
open-label, diabetes was before All patients received Severe hypoglycemic events per
multicenter patient was 40 years of injection of glargine once Change in A1C at 26 weeks patient month (at 26 weeks)

age. A1C 6 — 11% (mean
baseline: lispro 7.58%;
glulisine: 7.6%)

daily

Duration: 26 weeks

* Glulisine: -0.14%
= Lispro: -0.13% (p = NS)

« Glulisine: 0.03
= Lispro: 0.02 (p value not
reported)

Symptomatic hypoglycemic events

per patient month (at 26 weeks)

« Glulisine: 3.64

= Lispro: 3.48 (p value not
reported)

Nocturnal hypoglycemic events per

patient month (at 26 weeks)

« Glulisine: 0.55

= Lispro: 0.55 (p value not
reported)

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/
Study Design

N

Patient Selection

Treatment Interventions

Significant Outcomes

Clinical Results

Discontinuation &
Adverse Events

Grade*

Lispro vs. Regular

Valle et al, 1,184 | Type 1 diabetes Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1
20014 before meals (n = 586) events not reported
Patient (mean age 38.7 A1C at 3 months

Experimental years) with A1C>7.5% Regular insulin 30 minutes e Lispro: 8.1 + 1.5% Total hypoglycemic episodes per
parallel: (mean baseline 8.7%), before meals (n = 598) = Regular: 8.2 + 1.5%, p=NS patient per month
randomized, insulin therapy for at least e Lispro: 1.8+1.8
open-label 60 days All patients also received Change in A1C at 3 months = Regular: 1.8+1.7, p=NS

NPH insulin up to 3 times a (calculated)

day e Lispro: -0.6% Severe hypoglycemic episodes (%

= Regular: -0.5% of total episodes)
Duration: 3 months (no statistical comparison available = Lispro: 13.8
e Regular: 18.7, p <0.001

Anderson et 1,008 | Type 1 diabetes Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1

al, 1997°!

Experimental
Crossover:
randomized,
double-blind,
multicenter

Patients 12 — 70 years of
age, A1C requirement not
specified (mean baseline
8.5%). Patient diagnosed
with diabetes for an
average of approximately
12 years.

before meals

Regular insulin 30-45
minutes before meals

All patients also received
basal NPH or Ultralente
insulin at least once a day.

Duration: Patients treated for
3 months and immediately
crossed-over to other
treatment arm for an
additional 3 months

A1C after 3 months of treatment

= Lispro: 8.2+ 0.1% (p <0.01 vs.
baseline)

= Regular: 8.2 +0.1% (p <0.01 vs.
baseline)

= p = NS between groups

Change in A1C at 3 months
(calculated)
= Lispro: -0.3%
= Regular: -0.3%
(no statistical comparison available)

events not reported; authors reported
no difference in discontinuation
between groups

Hypoglycemic events at endpoint

« Lispro: 6.4 + 0.2 events/30 days

* Regular: 7.2 + 0.3 events/30 days,
p <0.001

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Holleman et 199 | Type 1 diabetes Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1
al, 1997% before meals events not reported
Patients 18 — 65 years of A1C after 12 weeks of treatment
Experimental age, A1C < 1.5 times the Regular insulin 30 minutes e Lispro: 7.6 + 1.3% Total hypoglycemic events
Crossover: top normal range of the before meals = Regular: 7.5 + 1.2%, p=NS = Lispro: 2,249 events
randomized, local laboratory (mean * Regular: 2,433 events, p = NS
double-blind, baseline 7.3%) Duration: Patients treated for | Change in A1C at 12 weeks
multicenter 12 weeks and immediately (calculated) Nocturnal hypoglycemic events
crossed-over to other = Lispro: +0.3% * Lispro: 176 events
treatment arm for an * Regular: 0% * Regular: 312 events, p < 0.001
additional 12 weeks (no statistical comparison available)
Heller et al, 135 Type 1 diabetes Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1
19994 before meals events not reported
Adults (mean age 37 years A1C after 4 months of treatment
Experimental lispro; 39 years regular), Regular insulin 30 minutes Period 1 Hypoglycemia
Crossover: diagnosis > 2 years, A1C before meals = Lispro: 6 + 0.9% Period 1
randomized, < 8% (baseline mean: = Regular: 6.2 + 0.8%, p=NS = Lispro: 775 episodes
open-label, lispro 6.2%; regular 6.4%) | All patients also received Period 2 * Regular: 1,156 episodes, p = 0.04
multicenter basal NPH. e Lispro: 6.4+ 1.1% Period 2 (due to significant period

Duration: Patients treated for
4 months and immediately
crossed-over to other
treatment arm for an
additional 4 months

* Regular: 6.4 + 1.1%, p=NS

Change in A1C from start of treatment
to end of treatment period

Period 1

= Lispro: -0.2%

= Regular: -0.2%

Period 2

e Lispro: -0.2%

= Regular: -0.4%, p value not reported

and treatment-period interaction,
values were not compared)

= Lispro: 883 episodes

= Regular: 702 episodes

Nocturnal hypoglycemia, reported
for Period 1 only

= Lispro: 52 episodes

* Regular: 181 episodes, p=0.001

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Pfutzner et al, 107 | Type 1 diabetes Insulin lispro, dosing interval | Lispro = Regular One discontinuation due to adverse 1
1996 undefined event (treatment group not reported)
Patients 18 — 65 years of A1C after 3 months of treatment
Experimental age, insulin therapy for at | Regular insulin, dosing = Lispro: 7.42% + 0.12% Total hypoglycemic episodes per
Crossover: least 2 months, no A1C interval undefined * Regular: 7.47 + 0.12%, p=NS month
randomized, criteria specified (baseline = Lispro: 8.57 episodes/month
open-label A1C not reported) All patients also received = Regular: 9.61 episodes/month, p =
NPH insulin as basal insulin 0.008
Duration: Patients treated for
3 months and immediately
crossed-over to other
treatment arm for an
additional 3 months
Gale et al, 93 Type 1 diabetes Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1
20004 before meals events (hypoglycemia)
Adult patients (median A1C after 3 months of treatment = Lispro: 0/93
Experimental age 35 years), diagnosis at | Regular insulin 30 minutes = Lispro: 7.5+ 1.1% = Lispro: 2/93 (2.1%)
Crossover: age <40 years old, A1C < | before meals = Regular: 7.4 + 1.1%, p=NS
randomized, 1.5 times upper limit of Total hypoglycemic events
double-blind, normal nondiabetic patient | All patients also received * Lispro: 2.6 + 3 events/30 days
multicenter (baseline A1C not basal NPH once at night. = Regular: 3.1 + 4.4 events/days,
reported) p=NS

Duration: Patients treated for
3 months and immediately
crossed-over to other
treatment arm for an
additional 3 months

Total nocturnal hypoglycemic

events

e Lispro: 0.7 + 1.6 events/30 days

* Regular: 1.8 + 3.1 events/days,
p <0.001

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Annuzzi et al, 85 Type 1 diabetes Insulin lispro immediately Lispro > Regular Discontinuation due to adverse 1
20014 before meals events not reported
Patients 18 — 50 years of A1C after 3 months of treatment

Experimental age, diagnosis for at least | Regular insulin 30 — 45 = Lispro: 8.12 + 0.85% All hypoglycemic events per month
Crossover: 2 years and before age 35 minutes before meals = Regular: 8.27+ 0.79%, p<0.05 per patient (at 3 months)
randomized, years old, A1C 7.5 — 10% = Lispro: 256
open-label (mean baseline 8.67%) All patients also received Change in A1C at 3 months episodes/month/patient

NPH insulin up to 3 times a (calculated) = Regular: 204

day = Lispro: -0.55% episodes/month/patient, p=NS

= Regular: -0.4%

Patients treated for 3 months (no statistical comparison available) | Major hypoglycemic events per

and immediately crossed- month per patient (at 3 months)

over to other treatment arm = Lispro: 0.7

for an additional 3 months episodes/month/patient

* Regular: 1
episodes/month/patient, p=NS
Lalli et al, 56 Type 1 diabetes Insulin lispro immediately Lispro > Regular Discontinuation due to adverse 1
1999 before meals (n = 28) events not reported
Patients (mean age 34 A1C after 12 months of treatment

Experimental years), A1C 6 —7.5% Regular insulin 10 — 40 e Lispro: 6.3 +0.1% Total hypoglycemic events per
parallel: (mean baseline lispro minutes before meals * Regular: 6.7 +0.11% patient month (at 12 months)
randomized, 6.6%; regular 6.7%) (n=28) = Difference: 0.37 + 0.04%, p < 0.05 e Lispro: 7.4+ 0.5
open-label * Regular: 11.5+ 1.2 (p <0.05)

All patients also received
NPH insulin at bedtime.
NPH was also given to 36
patients at lunchtime while
on regular insulin

Duration: 12 months

Change in A1C at 12 months

(calculated)

= Lispro: -0.3%

= Regular: 0% (no statistical
comparison available)

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events

Recasens et 45 Type 1 diabetes Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1
al, 2003* before meals (n = 22) events not reported

Adults (mean age 22.4 A1C after 12 months of treatment
Experimental years regular; 24.4 years Regular insulin 30 minutes (estimated from table) No major hypoglycemic events
parallel: lispro) new diagnosis, before meals (n = 23) = Lispro: 6.5% reported in any group
randomized, A1C not specified (mean = Regular: 6.5%, p=NS
open-label lispro 10.5%; mean All patients also received Minor hypoglycemic events per

regular 11.4%) NPH insulin 1 — 2 times Change in A1C at 12 months week (at 12 months)

daily. (calculated) * Lispro: 0.3 episodes/week
e Lispro: -4% * Regular: 0.8 episodes/week,
Duration: 12 months = Regular: -4.9% significance not reported
(no statistical comparison available)

Garg et al, 37 Type 1 diabetes Insulin lispro 5 — 15 minutes | Lispro = Regular Discontinuation due to adverse 1
19963 before meals (n = 16) events not reported

Patients 13 to 34 years of A1C after 12 months of treatment
Experimental age, A1C criteria not Regular insulin 20 — 40 e Lispro: 9+ 0.9% Total hypoglycemic events
parallel: specified (mean baseline: minutes before meals = Regular: 8.8 + 1.4%, p=NS = Lispro: 599 events
randomized, lispro 9.1%; regular 8.4%) | (n=21) * Regular: 1,481 events, p < 0.04
open-label Change in A1C at 12 months

All patients also received
basal NPH (twice daily) or
Ultralente insulin once or
twice daily

Duration: 12 months

(calculated)
e Lispro: -0.1%
= Regular: +0.4%
(no statistical comparison available)

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Ferguson et 33 Type 1 diabetes Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1
al, 2001* before meals events not reported
A1C after 24 weeks of treatment
Experimental Patients 19 — 65 years of Regular insulin 30 minutes = Lispro: 9.1 + 0.83% Total hypoglycemic events
Crossover: age, > 5 years since before meals = Regular: 9.3 + 1%, p=NS = Lispro: 1,156 events
randomized, diagnosis, A1C <10 — e Regular: 1,115 events, p =NS
open-label 13% (baseline mean: 9%), | All patients also received Change in A1C at 24 weeks
> 2 episodes of severe basal NPH once or twice (calculated) Total nocturnal hypoglycemic
hypoglycemia in previous | daily = Lispro: +0.1% events
2 years = Regular: +0.3% = Lispro: 25 events
Duration: Patients treated for (no statistical comparison available) * Regular: 47 events, p= NS
24 weeks and immediately
crossed-over to other
treatment arm for an
additional 24 weeks
Beisswenger 21 Type 1 diabetes Insulin lispro immediately Lispro = Regular Discontinuations and hypoglycemia 1

etal, 2001*

Experimental
Crossover:
randomized,
double-blind

Patients 15-65 years of
age, A1C criteria not
specified (baseline A1C
not reported)

before meals

Regular insulin 10 — 40
minutes before meals

All patients also received
NPH, lente, or Ultralente
insulin.

Duration: Patients treated for
2 months and immediately
crossed-over to other
treatment arm for an
additional 2 months

A1C after 2 months of treatment
= Lispro: 7.59 + 0.9%
= Regular: 7.83 + 0.86%, p=NS

not reported

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Vignati et al, 707 Type 1 diabetes (n=379) | Insulin lispro immediately Type 1 Diabetes Discontinuation due to adverse 1

19974

Experimental
Crossover:
randomized,
open-label,
multi-center

Type 2 diabetes (n = 328)

Patients > 18 years of age,
insulin therapy for at least
2 months, excluded use of
oral hypoglycemic agents,
A1C not specified (mean
A1C Type 1: 8%; mean
AI1C Type 2: 8.1%)

before breakfast and dinner

Regular insulin before
breakfast and dinner (timing
of dose undefined)

All patients also received
NPH insulin before breakfast
and dinner.

Duration: Patients treated for
2 months and immediately
crossed-over to other
treatment arm for an
additional 2 months

Lispro = Regular

A1C at 2 months

« Lispro: 7.8 + 1.4%

= Regular: 7.9 + 1.5%, p=NS
Change in A1C after 2 months
(calculated)

= Lispro: -0.2%

= Regular: -0.1%, p=NS

Type 2 Diabetes
Lispro = Regular
A1C at 2 months
= Lispro: 8.1 + 1.4%
* Regular: 8.1 + 1.4%, p=NS
Change in A1C after 2 months
(calculated)
e Lispro: 0%
= Regular: 0%
(no statistical comparison available)

events not reported

Type 1 Diabetes

Total hypoglycemic episodes per
month

= Lispro: 4.6 £5.5

« Regular: 4.6 +5,p=NS

Type 2 Diabetes

Total hypoglycemic episodes per
month

e Lispro: 1.9 4+3.9

* Regular: 1.9+ 3.7, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Anderson et 631 Type 1 diabetes (n=379) | Insulin lispro immediately Type 1 Diabetes Discontinuation due to adverse 1
al, 1997% Type 2 diabetes (n = 328) | before meals (n = 307) Lispro = Regular events not reported
A1C at 12 months
Experimental Patients with Type 1 Regular insulin 30 — 45 = Lispro: 8.1 +0.1% Type 1 Diabetes
parallel: diabetes (age 12-70 years) | minutes before meals (n = = Regular: 8.3 +0.1%, p < 0.05 vs. Hypoglycemic episodes/month
randomized, or with Type 2 diabetes 324) lispro e Lispro: 44+ 0.5
open-label, (ages 35 to 70 years), Change in A1C after 12 months « Regular: 4.5+ 04 ,p=NS
multicenter insulin therapy for at least | All patients also received (calculated)
2 months, excluded use of | Ultralente or NPH insulin e Lispro: -0.1% Type 2 Diabetes
oral hypoglycemic agents | (frequency undefined) = Regular: -0.1% Hypoglycemic episodes/month
or insulin infusion (no statistical comparison available) e Lispro: 1.5+ 0.2
devices, A1C not specified | Duration: 12 months * Regular: 1.6 + 0.3, p=NS
(mean baseline Type 1: Type 2 Diabetes
lispro 8.2%; regular 8.2%. Lispro = Regular
mean baseline Type 2: A1C at 12 months
lispro 8.7%; regular 8.9%) e Lispro: 8.2 +0.1%
* Regular: 8.4+ 0.1% ,p=NS
Change in A1C after 12 months
(calculated)
= Lispro: -0.5%
= Regular: -0.5%
(no statistical comparison available)
Skrha et al, 62 Type 1 diabetes (n = 55) Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1
2002% Type 2 diabetes (n=7) before meals events not reported
A1C after 2 months of treatment
Experimental Patients (mean age 35.7 Regular insulin 30 minutes = Lispro: 7.6 + 1.5% Patients reporting hypoglycemia
Crossover: years), insulin therapy for | before meals = Regular: 7.4 + 1.5%, significance = Lispro: 41/62 (66%)
randomized, at least 2 months, A1C not not reported = Regular: 39/62 (63%), p = NS
open-label specified (mean baseline: All patients also received

7.5%)

NPH insulin once or twice
daily

Duration: Patients treated for
2 months and immediately
crossed-over to other
treatment arm for an
additional 2 months

Change in A1C after 2 months
e Lispro: +0.1 + 0.9%
= Regular: 0 + 1%, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 1. Clinical Trials Evaluating the Rapid-Acting Insulins (continued) 49
Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Anderson et 722 | Type 2 diabetes Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1
al, 1997°° before breakfast and dinner events not reported
Patients ages 35 to 85 A1C at end of 3 months of treatment

Experimental years, insulin therapy > 2 Regular insulin 30 to 45 = Lispro: 8.2+ 0.1% Total hypoglycemia at endpoint
Crossover: months, excluded use of minutes before breakfast and | « Regular: 8.2 +0.1%, p=NS (episodes per 30 days per patient)
randomized, oral hypoglycemic agents, | dinner e Lispro: 2.67 + 0.17
open-label, A1C not specified (mean Change in A1C at 3 months « Regular: 2.79 + 0.17, p=NS
multicenter baseline A1C 8.9%) All patients also received (calculated)

NPH or Ultralente insulin 1- | * Lispro: -0.7% Total nocturnal hypoglycemia at

2 times daily. = Regular: -0.7% endpoint (episodes per 30 days per

(no statistical comparison available) | patient)

Duration: Patients treated for e Lispro: 0.47 +0.05

3 months and immediately * Regular: 0.73 +0.07, p < 0.001

crossed-over to other

treatment arm for an

additional 3 months
Ross et al, 148 Type 2 diabetes Insulin lispro immediately Lispro = Regular Discontinuation due to adverse 1
20014 before breakfast and dinner events: 1/148 (0.7%)

Patients (age undefined) (n=70) A1C at end of 5.5 months of treatment

Experimental with uncontrolled diabetes e Lispro: 8 + 0.1% Total hypoglycemia (episodes per
parallel: despite oral hypoglycemic | Regular insulin 30 to 45 = Regular: 8 + 0.1%, p=NS 30 days)
randomized, therapy, A1C no greater minutes before breakfast and e Lispro: 1.8 £ 0.3
open-label, than 130% of upper dinner (n = 78) Change in A1C at 5.5 months = Regular: 1.7+ 0.3, p=NS
multicenter normal range (mean e Lispro: -2.5+0.2%

baseline: lispro 10.7%;
mean regular 10.6%)

All patients also received
NPH insulin before breakfast
and supper

Duration: 5.5 months

e Regular: -2.3 + 0.2%, p=NS

Total nocturnal hypoglycemia
(episodes per 30 days)

= Lispro: 0.08

e Regular: 0.16, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 1. Clinical Trials Evaluating the Rapid-Acting Insulins (continued) 50
Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Altuntas et al, 60 Type 2 diabetes Insulin lispro immediately Lispro > Regular (Lispro + Discontinuation due to adverse 1
2003%7 before meals plus NPH at metformin results excluded) events not reported
Patients (mean age 53.8 to | bedtime (n = 20)
Experimental 54.8 years), uncontrolled A1C at 6 months Total hypoglycemia
parallel: diabetes despite oral Insulin lispro immediately e Lispro: 6.7 + 0.5% = Lispro: 0.57%
randomized, hypoglycemic therapy, before meals plus metformin | « Regular: 7.5 + 0.2%, p=0.013 = Regular: 0.009%, p=10.012
open-label, A1C not specified (mean twice daily (n =20)
multicenter lispro + NPH 10.1%; Change in A1C at 6 months
mean lispro + metformin Regular insulin 30 to 45 « Lispro: -3.18%, p = 0.001 vs.
9.4%; mean regular + minutes before meals plus baseline
NPH 9.6) NPH at bedtime (n = 20) = Regular: -2.66%, p = 0.008 vs.
baseline
Duration: 6 months
Sargin et al, 56 Type 2 diabetes Insulin lispro immediately Lispro > Regular Discontinuation due to adverse 1

2003

Experimental
parallel:
randomized,
open-label,
multicenter

Patients (age undefined)
currently treated with
insulin, A1C > 8%
(mean lispro 9.6%; mean
regular 9.2%)

before meals plus NPH at
lunch and bedtime (n = 28)

Regular insulin 30 to 45
minutes before meals plus

NPH at bedtime (n =27)

Duration: 6 months

A1C at 6 months
e Lispro: 7.3 £ 0.7%
* Regular: 7.7 + 0.7%, p < 0.05

Change in A1C at 6 months
(calculated)

e Lispro: -2.3

= Regular: -1.5%, p value not reported

events not reported

Total hypoglycemia (episodes per
30 days)

e Lispro: 1.6 + 1

e Regular: 1.9+ 0.8, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 2.

Clinical Trials Evaluating the Rapid-Actin

Insulins in Gestational Diabetes

51

Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &
Adverse Events
Di Cianni et al, 96 | Gestational diabetes Insulin aspart before meals Aspart = Lispro = Regular No patient experienced 1
2007%° (n=31) hypoglycemic episodes.
Women who failed to Authors state that this study lacks

Experimental, achieve postprandial Insulin lispro before meals (n | adequate statistical power Neonatal outcomes:
parallel: glycemic goals on diet =33) Birth weight was significantly
randomized, treatment. No differences in A1C and fasting higher with regular insulin
open-label Regular insulin, plasma glucose were detected between | compared to aspart and lispro

administration time relative groups groups, p < 0.03

to meals not defined (n = 32)

1 hour postprandial glucose levels after
Bedtime NPH insulin given breakfast
to 57 patients e Lispro: 118.9 mg/dL, p < 0.05 vs.
regular

Duration: Until the end of = Aspart: 120.24 mg/dL, p < 0.05 vs.

pregnancy, 38" week regular

gestation = Regular: 135.1 mg/dL
Mecacci et al, 49 | Gestational Diabetes Insulin lispro immediately Lispro = Regular No discontinuation due to adverse 1
2003% before meals (n = 25) events reported

Pregnant, diagnosed Preprandial glucose levels, p < 0.01

Experimental between weeks 25-32 Regular insulin 15 minutes between groups Neonatal outcomes:
parallel: gestation, failed to achieve | before meals (n = 24) e Lispro: 73.4 + 8.1 mg/dL No significant difference among
randomized, glycemic goals after 1 = Regular: 74.3 + 8.6 mg/dL groups for gestational week at
open-label, week of diet modifications | Healthy pregnant volunteer = Control: 62.7 + 4 mg/dL deliver, Apgar score, birth weight,

single center

control group (n = 50)

No patients required NPH
insulin

Duration: from diagnosis to
delivery

1-hour postprandial glucose, p < 0.01
between groups

e Lispro: 108.4 + 10.7 mg/dL

= Regular: 121 + 13.2 mg/dL

= Control: 105.6 + 4.7 mg/dL

2-hour postprandial glucose, p = NS
between groups

e Lispro: 93.6+ 11.1 mg/dL

* Regular: 97.9+ 12.5 mg/dL

= Control: 91.7 + 5.5 mg/dL

ponderal index

Abbreviations: A1C = hemoglobin A.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 2. Clinical Trials Evaluating the Rapid-Acting Insulins in Gestational Diabetes (continued) 52

Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Jovanovic et al, 41 Gestational Diabetes Insulin lispro 5 minutes Lispro > Regular No discontinuation due to adverse 1

1999

Experimental
parallel:
randomized,
open-label,
single center

Pregnant (mean age lispro
group 34.2 years; mean
age regular group,
p<0.01), diagnosed
between weeks 14-32
gestation, failed to achieve
glycemic goals with diet
and exercise

before meals (n = 19)

Regular insulin 30 minutes
before meals (n = 22)

All patients also received
NPH insulin. Patients
received dextrose and insulin
infusions during delivery

Duration: from diagnosis of
gestational diabetes mellitus
to 6 weeks postpartum

Proportion of postprandial blood
glucose determinations > 120 mg/dL
e Lispro=4+0.49 %

= Regular=5.5+0.47 %, p=0.019

Proportion of postprandial blood
glucose determinations > 130 mg/dL
® Lispro=1.6+0.34 %

* Regular=1.8 £ 0.3 %, p=NS

Proportion of postprandial blood
glucose determinations > 140 mg/dL
e Lispro =0.65+0.18 %

* Regular =0.69 + 0.14 %, p = NS

Preprandial glucose levels not recorded

events reported

Neonatal outcomes:

No significant difference among
groups for length, weight, percentile
rank, Apgar scores

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 3.

Clinical Trials Evaluating the Rapid-Actin

Insulins in Pregnancy

53

Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Mathiesen et al, | 322 | Type 1 diabetes Insulin aspart immediately Aspart > Regular (at end of first and Discontinuation due to adverse 1

2007%

Hod et al,
2008%

Experimental
parallel: open-
label,
multicenter

Note:
manuscript
reported in
multiple
journals

Patients > 18 years of age,
> 1 year since diagnosis,
AIC < 8%. Patients were
pregnant or planning to
become pregnant.

before meals (n = 157)

Regular insulin 30 minutes
before meals (n = 165)

All patients received doses
of basal NPH one to four
times a day

Duration: maximum duration
of participation was 22
months

third trimesters)

Mean postprandial plasma glucose
differences at end of first trimester:
-0.75 (95% CI: -1.25 t0 -0.25), p =
0.003 favoring aspart

Mean postprandial plasma glucose
differences at end of third trimester:
-0.4 (95% CI: -0.8 t0 -0.01), p = 0.044
favoring aspart

Mean A1C difference at end of second
trimester: -0.04% (95% CI -0.18 to
0.11),p=NS

Mean A1C difference at end of third
trimester: -0.08% (95% CI -0.23 to
0.06), p=NS

events
* Aspart: 14/157 (9%)
* Regular: 17/165 (10%)

Major hypoglycemic events per

patient year

e Aspart: 1.4

* Regular: 2.1

= Relative risk: 0.72 (95% C1 0.36
to 1.46), p=NS

Minor hypoglycemic events per

patient year

* Aspart: 86.4

= Regular: 94.5, p=NS

= Relative risk: 0.97 (95% CI 0.66
to 1.43), p=NS

Maternal outcomes:

No significant difference among
groups for live births, fetal losses,
and congenital malformations

Abbreviations: A1C = hemoglobin A.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 3. Clinical Trials Evaluating the Rapid-Acting Insulins in Pregnancy (continued) 54
Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events

Persson et al, 33 | Type 1 diabetes Insulin lispro immediately Lispro > Regular No discontinuation due to adverse 1
2002% before meals (n = 16) events reported

Pregnant, diabetes Post-breakfast glucose (combined
Experimental diagnosis > 2 years, age > | Regular insulin 30 minutes results of weeks 21, 28, and 34) Proportion of patients who
parallel: 20 years, multi-dose before meals (n=17) e Lispro: 117 + 57 mg/dL. experienced hypoglycemia
randomized, insulin therapy, A1C < 9% = Regular: 154 + 67 mg/dL, p < 0.01 e Lispro: 5.5%
open-label, All patients also received = Regular: 3.9%, p <0.05
multicenter NPH insulin at bedtime and, | Post-lunch glucose (combined results

if needed, before breakfast

Duration: 15 weeks gestation
to delivery (patients were
treated with regular plus
NPH before randomization
at 15 weeks)

of weeks 21, 28, and 34)
e Lispro: 121 + 51 mg/dL
* Regular: 122 + 58 mg/dL, p =NS

Post-dinner glucose (combined results
of weeks 21, 28, and 34)

e Lispro: 118 + 50 mg/dL.

« Regular: 124 + 49 mg/dL, p = NS

Neonatal outcomes:

No significant difference among
groups for gestational age at
delivery, birth weight, or neonatal
complications

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 4.

Clinical Trials Evaluating the Rapid-Actin

Insulins in Children
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &
Adverse Events
Weinzimer et 296 | Type 1 diabetes Insulin aspart by Aspart = Lispro Discontinuation due to adverse 1
al, 20087 subcutaneous continuous events
Children and adolescents infusion before meals AI1C at 16 weeks * Aspart: 0%
Experimental 4 — 18 years of age, > 1 (n=197) * Aspart: 7.9 + 0.93% * Lispro: 1/100 (1%)
parallel: year since diagnosis, and = Lispro: 8.1 + 0.85%
randomized, AI1C < 10% (mean aspart Insulin lispro by = Treatment difference met Major hypoglycemic events per
open-label, 8 +0.94%; mean 8.2 + subcutaneous continuous noninferiority criteria patient year (at 16 weeks)
multicenter 0.84%). All patients had infusion before meals * Aspart: 0.4
been treated for > 3 n=99) Change in A1C at 16 weeks = Lispro: 0.3, p=NS
months with continuous = Aspart: -0.15%
subcutaneous insulin Duration: 16 weeks = Lispro: -0.05%, p = NS Minor hypoglycemic events per
aspart or lispro. patient year (at 16 weeks)
e Aspart: 77.2
* Lispro: 66, p=NS
Major nocturnal hypoglycemic
events per patient year (at 16 weeks)
e Aspart: 0.1
« Lispro: 0, p=NS
Cherubini et al, 30 | Type 1 diabetes Insulin aspart 2 minutes Aspart > Lispro Hypoglycemic episodes with blood 1

20067

Experimental
parallel:
randomized,
open-label

Children (mean age 8.1
years) with mean diabetes
duration of 5.2 years,
mean A1C of 7.5% in both
groups

before meals and snacks (n =
31)

Regular insulin 30 minutes
before meals (n = 32)

All patients received
glargine insulin at bedtime

Duration: 12 weeks

Change in A1C at 12 weeks
(calculated)

= Aspart: -0.5%, p=0.018 vs. baseline
= Regular: -0.1%, p = NS vs. baseline

glucose values < 70 mg/dL per
patient day

e Aspart: 0.21

e Regular: 0.18, p=NS

Hypoglycemic episodes with blood
glucose values < 50 mg/dL per
patient day

« Aspart: 0.045

« Regular: 0.035, p=NS

Abbreviations: A1C = hemoglobin A.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 4. Clinical Trials Evaluating the Rapid-Acting Insulins in Children (continued) 56
Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Holcombe et al, | 463 | Type 1 diabetes Insulin lispro immediately Lispro = Regular No patients discontinued treatment 1
20027 before meals due to adverse related to study
Patients 9-18 years of age, Mean A1C at endpoint medications

Experimental treated with insulin for >1 | Regular insulin 30 — 45 = Lispro: 8.7 + 1.4%
CroSsSover: year, no A1C criteria minutes before meals = Regular: 8.7 + 1.6%, p=NS Hypoglycemic events per patient
randomized, specified (mean A1C month
open-label, lispro 8.4%; mean A1C All patients received NPH Change in A1C at endpoint e Lispro: 4 +4.5
multicenter regular 8.8%) insulin 1 to 3 times daily for | (calculated) = Regular: 4.4 +4.5,p<0.05

basal coverage. = Lispro: +0.3%

= Regular: -0.1% Nocturnal hypoglycemic events per

Duration: Patients treated for | (no statistical comparison available) patient month

4 months and immediately e Lispro: 1 +1.9

crossed-over to other * Regular: 1.7 + 2.6, p <0.001

treatment arm for an

additional 4 months
Deeb et al, 61 Type 1 diabetes Insulin lispro within 15 Lispro before meals = No patients discontinued treatment 1
2001% minutes before meals Lispro after meals = Regular due to adverse related to study

Children 3 — 12 years of medications

Experimental age, > 1 year since Insulin lispro given Mean A1C at endpoint
Crossover: diagnosis, treated with immediately after meals = Lispro before meals: 8.4% Hypoglycemic events per patient
randomized, insulin for > 2 months, no = Lispro after meals: 8.4% month
open-label, A1C criteria specified Regular insulin 30 — 45 « Regular before meals: 8.5% = Lispro before meals: 14.7+11.9
multicenter (mean baseline A1C minutes before meals = p =NS for all inter-treatment = Lispro after meals: 13.6 +9.3

8.4%)

Patients also received basal
insulin (NPH, Lente, or
Ultralente) per pretrial
regimen.

Duration: Patients treated for
3 months and immediately
crossed-over to other
treatment arm for an
additional 3 months

comparisons

Change in A1C at endpoint
(calculated)

= Lispro before meals: 0%

= Lispro after meals: 0%

= Regular before meals: +0.1%

(no statistical comparison available)

= Regular before meals: 13.8 + 9.8
* p = NS for all inter-treatment
comparisons

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 4. Clinical Trials Evaluating the Rapid-Acting Insulins in Children (continued) 57
Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Tubiana-Rufi, 27 | Type 1 diabetes All insulins administered as Lispro = Regular Discontinuations due to adverse 1
2004 continuous subcutaneous events: 2 patients during second
Children < 10 years, using | infusions with mealtime Change in A1C after initial 16-week period while on lispro
Experimental regular insulin via boluses period
CroSsSover: continuous subcutaneous e Insulin lispro 0 — 5 e Lispro: +0.15+ 0.13% Severe hypoglycemic events per
randomized, infusion for > 3 months minutes before meals e Regular: +0.11 + 0.63%, p = NS patient month
open-label, prior to trial, no A1C = Regular insulin 20 — 30 e Lispro: 11 + 6.4
multicenter criteria specified (baseline minutes before meals A1C for second 16-week period not * Regular: 13.8 + 8.5, p=NS
AI1C 8.02%) reported due to carryover effects
Duration: Patients treated for
16 weeks and immediately
crossed-over to other
treatment arm for an
additional 16 weeks
Tupola et al, 24 | Type 1 diabetes Insulin lispro immediately Lispro = Regular No patients discontinued treatment 1
20017 before meals due to adverse events
Children <10 years of age, Change in A1C at endpoint
Experimental > 1 year since diagnosis, Regular insulin 20-30 min = Lispro: +0.2 + 0.8% Hypoglycemic events per patient
Crossover: no A1C criteria specified before meals = Regular: -0.4 + 0.7%, p=NS month
randomized, (mean baseline 8.1) e Lispro: 4.9
open-label, All patients received NPH = Regular: 4.4, p=NS
multicenter insulin twice daily for basal

coverage.

Duration: Patients treated for
3 months and immediately
crossed-over to other
treatment arm for an
additional 3 months

Hypoglycemic events per patient
month

= Lispro: 34

= Regular: 41, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 4. Clinical Trials Evaluating the Rapid-Acting Insulins in Children (continued) 58
Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Ford-Adams et 23 | Type 1 diabetes Insulin lispro immediately Lispro = Regular Hypoglycemic events per patient 1

al, 20037

Experimental
Crossover:
randomized,
open-label,
multicenter

Children 7-11 years of
age, > 1 year since
diagnosis, A1C < 12%
(mean baseline 8.4%)

before meals

Regular insulin 20-30 min
before meals

All patients received NPH
insulin prebreakfast and
before bedtime

Patients treated for 4 months
and immediately crossed-
over to other treatment arm
for an additional 4 months

A1C at end of initial 4-month period
e Lispro: 8.9 +0.3%
= Regular: 8.4 + 0.3%, p=NS

A1C at end of second 4-month period
= Lispro: 8.5+ 0.2%
* Regular: 8.8 +0.3%, p=NS

Change in A1C at end of initial 4-
month period (calculated)

= Lispro: +0.5%

= Regular: 0%

(no statistical comparison available)

Change in A1C at end of second 4-
month period (calculated)

= Lispro: +0.1%

= Regular: +0.4%

(no statistical comparison available)

month
e Aspart: 6.4
« Lispro: 6.8, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Evidence Table 5. Clinical Trials Evaluating the Rapid-Acting Insulins as Continuous Subcutaneous Infusions

Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &
Adverse Events

Bode et al, 146 | Type 1 diabetes All insulins administered as | Aspart = Lispro = Regular Discontinuation due to adverse 1
200276 continuous subcutaneous events

Patients 18 — 71 years of infusions with mealtime Change in A1C at 16 weeks = Aspart: 1/59 (1.7%)
Experimental age, > 12 months since boluses = Aspart: 0 + 0.51% = Lispro: 0%
parallel: diagnosis, > 3 months * Insulin aspart immediately | ® Lispro: +0.15 + 0.63% = Regular 0%
randomized, treatment with continuous before meals (n = 59) * Regular: +0.18 + 0.84
open-label, subcutaneous infusions, = Insulin lispro immediately | ® p =NS between groups Hypoglycemic events per patient
multicenter and baseline A1C of 5.7- before meals (n = 28) month

9.7% (mean baseline
aspart 7.3%; lispro 7.3%;
regular 7.5%)

= Buffered regular insulin 30
minutes before meals (n =
59)

Duration: 16 weeks

* Aspart: 6.7+ 5.4, p <0.05 vs.
lispro and regular

e Lispro: 10.5 +8.1,p=NS vs
regular

= Regular: 10.5 + 8.9

Nocturnal hypoglycemic events per

patient month (at 16 weeks)

e Aspart: 0.5+ 0.83, p<0.01 vs.
regular; p = NS vs lispro

e Lispro: 0.6 + 0.61, p=NS vs.
regular

= Regular: 0.9 + 0.97

Abbreviations: A1C = hemoglobin A.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




Evidence Table 5. Clinical Trials Evaluating the Rapid-Acting Insulins as Continuous Subcutaneous Infusions (continued) 60
Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Hoogma et al, 59 | Type 1 diabetes All insulins administered as | Aspart = Glulisine Patients experiencing > 1 1
2006”7 continuous subcutaneous hypoglycemic event
Patients > 18 years of age, | infusions with mealtime Change in A1C at 12 weeks = Aspart: 24/30 (80%)
Experimental > 6 months of continuous | boluses = Aspart: +0.1% = Glulisine: 26/29 (89.7%), p value
parallel: subcutaneous insulin = Insulin aspart immediately | « Glulisine: +0.2% not reported
randomized, infusion, A1C < 8.5% before meals (n = 30) * Treatment difference between
open-label, (mean baseline: 6.9%) = Insulin glulisine groups: 0.11 (95% CI: -0.09 to 0.31)
multicenter immediately before meals
(n=29)
Duration: 12 weeks
Renner et al, 113 | Type 1 diabetes All insulins administered as Lispro > Regular Discontinuation due to adverse 1
1999%! continuous subcutaneous events not reported
Patients (mean age 37.1 infusions with mealtime Mean A1C at treatment endpoints
Experimental years) > 2 years since boluses e Lispro: 6.77 + 0.88% Hypoglycemic episodes per patient
Crossover: diagnosis, > 6 months « Insulin lispro * Regular: 6.9 +0.97%, p=0.02 vs. month
randomized, treatment with continuous | ® Regular insulin lispro e Lispro: 13.6 + 7.8
open-label, subcutaneous insulin = Regular: 13.6 +7.5,p=NS
multicenter infusion prior to trial, AIC | Duration: Patients treated for | Change in A1C at endpoint
not specified (mean 4 months and immediately (calculated)
baseline 7.24%) crossed-over to other = Lispro: -0.47%
treatment arm for an = Regular: -0.34%
additional 4 months (no statistical comparison available)
Raskin et al, 58 | Type 1 diabetes All insulins administered as Lispro > Regular One patient withdrew from study 1

2001%

Experimental
Crossover:
randomized,
open-label,
multicenter

Patients 13 to 60 years of
age, > 6 months treatment
with continuous
subcutaneous insulin
infusion prior to trial, A1C
< 2 times the upper limit
of normal range

continuous subcutaneous

infusions with mealtime

boluses

« Insulin lispro before meals

= Regular insulin before
meals

Duration: Patients treated for
3 months and immediately
crossed-over to other
treatment arm for an
additional 3 months

Mean A1C at endpoint
e Lispro: 7.41 +£ 0.97%
= Regular: 7.65 + 0.85%, p = 0.004

Change in A1C at endpoint
= Lispro: -0.34 + 0.59%
= Regular: -0.09 + 0.63%, p = 0.004

early for personal reasons.
Treatment group at time of
withdrawal was not reported.

Patients experiencing > 1
hypoglycemic event

= Lispro: 7 patients

= Regular: 7 patients

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Johansson et al, 41 | Type 1 diabetes All insulins administered as Lispro > Regular No discontinuations due to adverse 1
20007 continuous subcutaneous events
Patients 20 to 58 years of | infusions with mealtime Mean A1C at treatment endpoint
Experimental age, > 6 months treatment | boluses = Lispro: 7.4% Hypoglycemic episodes per patient
Crossover: with continuous = Insulin lispro 5 minutes = Regular: 7.6% month
randomized, subcutaneous insulin before meals = Treatment difference: -0.2% (95% = Lispro: 9.7
open-label, infusion prior to trial, A1C | « Regular insulin 30 minutes CI 0to 0.3%) p=0.047 = Regular: 8, p=NS
single-center < 9% (mean baseline before meals
7.7%) Change in A1C at endpoint
Duration: Patients treated for | (calculated)
2 months and immediately e Lispro: -0.3%
crossed-over to other = Regular: -0.1%
treatment arm for an (no statistical comparison available)
additional 2 months
Melki et al, 39 | Type 1 diabetes All insulins administered as Lispro > Regular One patient withdrew from study 1
19987 continuous subcutaneous early due to noncompliance with
Patients 18 — 60 years of infusions with mealtime Mean A1C at end of initial 3-month protocol. Treatment group at time of
Experimental age, > 12 months boluses period withdrawal was not reported.
Crossover: treatment with continuous | « Insulin lispro immediately | « Lispro: 7.11 + 0.15%
randomized, subcutaneous insulin before meals = Regular: 7.88 + 0.16%, p value not Hypoglycemic episodes per patient
open-label, infusion prior to trial, A1C | ® Regular insulin 20 — 30 reported month (data from first 3-month
multicenter < 8.5% (mean baseline minutes before meals period only)

lispro 7.7%; regular 8%)

Duration: Patients treated for
3 months and immediately
crossed-over to other
treatment arm for an
additional 3 months

Change in A1C at end of initial 3-
month period

* Lispro: -0.62 +0.13%

= Regular: -0.09 + 0.15%, p=0.01

A1C for second 3-month period not
reported due to carryover effects

e Lispro: 7+ 0.9
* Regular: 7.9+ 0.9, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.
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Reference/ N Patient Selection Treatment Interventions Significant Outcomes Grade*
Study Design Clinical Results Discontinuation &

Adverse Events
Zinman et al, 30 | Type 1 diabetes All insulins administered as Lispro > Regular Discontinuation due to adverse 1

19978

Experimental
Crossover:
randomized,
double-blind

Adult patients (range 26 —
51 years of age), >3
months treatment with
continuous subcutaneous
insulin infusion prior to
trial, no A1C criteria
specified (mean baseline
8.03%)

continuous subcutaneous

infusions with mealtime

boluses

e Insulin lispro 0 — 5
minutes before meals

* Regular insulin 0 — 5
minutes before meals

Duration: Patients treated for
3 months and immediately
crossed-over to other
treatment arm for an
additional 3 months

Mean A1C at endpoint

= Lispro: 7.66 + 0.13%

= Regular: 8 + 0.16%

= Treatment difference: -0.34%, p =
0.004

Change in A1C at endpoint
(calculated)

= Lispro: -0.37%

= Regular: -0.03%

(no statistical comparison available)

events not reported

Hypoglycemic episodes per patient
month

e Lispro: 8.6 + 1.4

= Regular: 10.8 + 1.8, p=NS

Abbreviations: A1C = hemoglobin A;.; CI = confidence interval; N or n = number of evaluable patients in trial or treatment group; NPH = neutral protamine hagedorn insulin; NS
= not statistically significant, p value > 0.05.
* Grade of Evidence. Refer to Appendix A for definitions.




	Executive Summary
	Introduction
	Pharmacology

	Disease Overview
	Diabetes Types 1 and 2

	Methods
	Clinical Efficacy
	Adverse Drug Reactions
	References
	Document Information
	Appendix A: Grades of Scientific Evidence
	Appendix B: Evidence Tables
	Evidence Table 1. Clinical Trials Evaluating the Rapid-Acting Insulins
	N
	Patient Selection
	N

	Patient Selection
	N

	Patient Selection
	N

	Patient Selection
	N

	Patient Selection




